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Here in a West Texas field is a typical 
installation of a PeLToN Long Stroke 
Hydraulic Pumping Jack. This is the most 
modern, most efficient surface pumping unit 
ever devised for the sucker rod pumping of 
oil wells. With PELTON, each well may be 
pumped to its maximum potential and lift- 
ing costs reduced to the absolute minimum. 

Hundreds of PELTON installations in 
Mid-continent and California fields have 
proved Long Stroke Hydraulic Pumping 
the most satisfactory method for pumping 


the deeper wells and the shallow wells 


with heavy production 
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_ Pumping Jack 








PELTON Jack 

with polished 1 es from 20.000 
to 40,000 It troke lengths 10, 20 and 
30 ft. The comp! tory on th 


and successful n 


is modern 
hod of pumping is con 


tained in PELTON’S 1 catalog 


SUCKER 
PELTON | WATER WHEEL COMPANY  s.ositiery of Batdwin-Lime-Hamiton Corp. 
OIL INDUSTRY MACHINERY DIVISION 
2447 East 54th Street, Los Angeles 58, California 
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ZUBLIN DRAIN HOLES 
WILL DOUBLE THE 


(ONE YEAR OF DRAINHOLE 
A-B-C-D= F 
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‘L WITH ZUBLIN DRAINHOLES 





Accumulated production 
without Drainholes 


A-B-E-F= 
Accumulated production 
with Drainholes 

















Oriented Drainholes, 

75 feet long, have 

been drilled successfully 
and without difficulty 
both in hard 

limestone and in hard 
and in loose sand 

and shale. Longer 
Drainholes can be 
drilled upon 


demand. 


Drainholes 

are most 

effective in new or 

in redrilled wells where 

oil and local reservoir energy 
are not depleted 


ZUBLIN ond COMPANY 


ONE YEAR 


@ Zublin Drainholes reduce 
friction permanently. Thus, 


under the available forma- 
tion pressure, more oil can 
flow from a greater distance 
to the well. 























Drainholes require no casing 
and can be drilled within a 
fraction of the time and the 
money required to drill 
a second well. 











Wells—with high static—and low pumping 
fluid level indicate that there is oil, but that 
it cannot flow fast enough to the pump. 
Zublin Drainholes will help. 
One year of experience has proved that 
oriented Drainholes cause flowing and 
pumping wells to produce steadily and 
with less interruption. 


Distributors of Zublin Drainhole Drilling Equipment to Qualified Operators 
2369 EAST 5ist STREET - Telephones: JE 6151 and JE 4433 - LOS ANGELES 58, CALIFORNIA 


Pending completion of a new catalog, additional information is available in the 
first three advertisements in this series. We will gladly supply copies on request. 





JO 


Petroleum. 
Technology 


EDITORIAL BOARD 


PAUL R. TURNBULL 
RICHARD W. FRENCH 
THOMAS C. FRICK 


EDITORIAL DIRECTOR 
JOE B. ALFORD 


EDITOR 
JESS E. ADKINS 


ASSOCIATE EDITOR 
VIRGINIA BEILHARZ 


EDITORIAL ASSISTANTS 
BEKY YODER 
JOANNE MORAN 


Official Publication of the 


PETROLEUM BRANCH 
American Institute of Mining 
and Metallurgical Engineers, 

Inc. 
408 Trinity Universal Building 
Dallas, Texas 

L OF PETROLEUM TECHNOLOGY are 

> e ind te attr butat le only 


erw 
r not necessarily reflect 


nmittee 


The AIME also publishes 
M g Engineering 
f Metals 


ADVERTISING REPRESENTATIVES 


illas McDonald-Thompson C 
1118 Odeans Drive 


esnc McDonald 
750 Fulton S 
s Angeles McDonald-T 


727 W. Sixth Street 


street 


New York — Lewis V. Hohl 
205 E. 42nd Street 

San Francisco — McDonald 
625 Market Street 

Seattle — McDonald-Thompson 
Terminal Sales Building 


September, 1952 





OFFICERS of the PETROLEUM BRANCH 


Chairman 
Paul R. Turnbull 
La Gloria Corp. 
Corpus Christi, Texas 


Vice-Chairmen 
Morris Muskat John R. McMillan 
Gulf Oil Corp Fullerton Oil Co 
Pittsburgh, Po Pasadena, Calif 


EXECUTIVE COMMITTEE 
John S. Bell Thomas C. Frick 
Humble Oil & Refining Co Atlantic Refining Co. 
Los Angeles, Calif Midland, Texas 
D. V. Carter E. N. Van Duzee 
Magnolia Petroleum Co Shell Oil Co. 
Dallas, Texas New Orleans, Lo. 


R. C. Earlougher G. L. Yates 
Earlougher Engineering Amstutz & Yates 
Tulsa, Okla. Wichita, Kansas 


Richard W. French Charles R. Dodson Lovis C. Raymond 
Sohio Petroleum Co University of Southern California Ford, Bacon & Davis, Inc. 
Cleveland, Ohio Los Angeles, Calif New York, N. 7 

Representing M.1.E.D Representing M.E.D 


Treasurer Executive Secretary Counsel 


W. E. Stiles Joe B. Alford Robert E. Hardwicke 
Buffalo Oil Co AIME Hardwicke, Haddaway & Pope 
Dallas, Texas Dallas, Texas Fort Worth, Texas 


COMMITTEE CHAIRMEN and VICE-CHAIRMEN 


Publications Technology 
John P. Hammond Douglas Ragland, Chairman 
Amerada Petroleum Corp Humble Oil & Refining Co. 
Tulsa, Okla. New Orleans, La. 


Membership Jack H. Abernathy, Drilling 
Jack M. Moore Big Chief Drilling Co 
Dowell Incorporated Oklahoma City, Okla. 
Midland, Texas 
. E. P. dayes, Production 
Economics The Texas Co 
Kenneth E. Hill Houston, Texos 
Chase National Bank 
New York, N. Y W. H. Justice, Gas 
. La Gloria Corp 
Production Review Corous Christi, Texas 
E. H. Berlin, Chairman 
Standard-Vacuum Co Milton E. Loy, California 
New York, N. Y Schlumberger Well Surveying Corp. 
R. B. Gilmore, Domestic Los Angeles, Calif 
DeGolyer & MacNaughton 
Dallas, Texas Education 
A. H. Chapman, Foreign John C. Calhoun, Jr. 
Arabian American Oi! Co Pennsylvania State College 
New York, N. ¥ State College, Pa 


Advertising Student Activities 
Bruce Barkis W. S. Morris 
B & W, Inc. East Texas Salt Water Disposal Co. 
Houston, Texas Kilgore, Texas 
OFFICERS OF THE AIME 

President, Michael L. Haider; Vice-Presidents, L. F. Reinartz, Philip Kraft, R. W. Thomas, J. L. 
Gillson, O. B. J. Fraser and James B. Morrow; President-Elect and Treasurer, Andrew Fletcher; 
Past-President, W. M. Peirce; Secretary, E. H. Robie 


JOURNAL OF PETROLEUM TECHNOLOGY SECTION 1 








"You 


make hole... 


we ll 
make tracks!” 








Whether it’s Well Logging 
(foot-by-foot analysis of drill cuttings) 
or On-Location Core Analysis, or both, 
a call now will put us derrick-side 


when you need us! 


All services ore described and illustrated in Core Lab's 30-page Price Schedule py is yours for the asking 


CORE LABORATORIES, INC. ® in all active areas 


Dallas, Houston, Corpus Christi, Midland, Abilene, Ft. Worth, San Antonio, Tyler, Wichita Falls, Lubbock, Oklahoma City, Tulsa, 
Great Bend, Shreveport, Lafayette, New Orleans, Natchez, Bakersfield, Denver, Sterling, Worland, Williston, Bismarck, El Dorado, 
Farmington, Lovington, Calgary, Edmonton, Venezuela 
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B and W 
LATCH-ON 
CENTRALIZER 


NEW KON-KAVE 
| BOW, 
| Drop forged from 
the finest alloy 
spring steel. 


B and W 
MULTI-FLEX 
SCRATCHER 


a” 4 


Scratches on the upstroke after 
casing reaches bottom. 


B and W 
HINGED NU-COIL 
SCRATCHER 


The coil spring, _- 
reversible 2 
scratcher. 
Economical 

and easiest to install. 


Band W 
ROTATING 
—— 


Cover the critical section — ro- 
tate until the cement is placed. 


WEST COAST — 3545 Ced 

Long Beach 7, California, Lon uct h4 8366 
GULF COAST — P.O. Box 5266 
Houston 12. Texas. Phone. WEntworth 6603 
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mMcCULLOQYGH* 


a SERVICES ° NEW 700% 
NEW WAYS OF doing THINS 





sy Latest News About New Tools, Techniques and Services fs) 


Over 





and Over 


McCullough 
Bullet Type 
Gun Perforators consistently prove to be the hardest 
shooting bullet type perforators in 
the world, 
day after day, year after year—in 


7m oil fields all over the world—wher- 
And proof is even more conclusive 


and timely, when, after perforating 
with other types of bullet perfora- 
tors, McCullough recently perfo- 
rated the same wells, with 


ever oil operators measure perfo- 
rating efficiency in B/D. 


production increases of: 6 B/D to 
90 B/D; 0 B/D to 100 B/D; 60 B/D 
to 150 B/D; 30 B/D to 70 B/D; ete. 


Is it any wonder that McCullough 

Add to this, burrless holes (pro- Bullet Type Gun Perforators are 

duced by exclusive McCullough the choice of leading oil operators, 

Burrless Bullets); exact spacing; as evidenced by the fact that Mc- 

the strongest gun body; and the Cullough does most of the large 

fact that McCullough holds all perforating jobs. 

world records for speed, efficiency 

and results. Factors contributing to 

or the result of—deeper, cleaner 
holes, consistently. 
Consistency means dependability. 

Call Your McCullough Service En- 
gineer today. He will explain the 
technical reasons for these remark- 
able results. Or, if you prefer, write 
for the McCullough Technical Bul- 
letin 201 —do it TODAY! 





PERFORATING, RADIATION LOGGING AND FISHING SERVICE ANYWHERE — ANYTIME! 


McCULLOUGH TOOL COMPANY SERVICE LOCATIONS: TEXAS: Houston, Snyder, Alice, Cisco 


Corpus Christi, McAllen, Odessa, Tyler, San Angelo, Victoria, Wichita Falls, 

5820 South Alameda Street, Los Angeles 58, California Luling, Beaumont, Sherman, Hadacol. OKRLAMOMA: Oklohoma City, Guy 
405 McCarty Street (P. O. Box 2575) * Houston, Texas man, Healdton. MISSISSIPPI: Lourel. NEW MEXICO: Hobbs. KANSAS: 
EXPORT OFFICE: Los Angeles, California Great Bend. WYOMING: Casper. CALIFORNIA: Los Angeles, Avenal 

CANADA: Edmonton, Calgary, Grande Prairie, Alb.; Regina, Saskatchewan Bakersfield, Ventura. LOUISIANA: Houma, Lake Charles, New Iberia, Shreve 
VENEZUELA: United Oilwell Service Co., S.A; Caracas, Anaco, Maracaibo port. COLORADO: Sterling. NORTH DAKOTA: Williston. UTAH: Vernal 








Another Example 
of 
Efficient Power 


at Lower Cost 


These automatically controlled, 2- 
stage. 440 hp Cooper-Bessemer 
compressors take field gas at 20 
psi and discharge at 428 psi into 
the pipe-line system of United 
Gas. Inset shows exterior of this 
new Universoil booster station in 
the West Beaumont field. Installa- 
tion was handled jointly by Deer 
field Petroleum. Inc.. and Univer- 
sal Petroleum Co.. Oil Well Supply 
Co. furnishing all equipment. 


RIGHT: Close-up of the operating 
ends of the modern GMV's from 
the crank-door side. Unusual flex- 
ibility makes these units ideal for 
automatic operation 


More profit in gas conservation... 


- - WITH GMV ONE-MAN AUTOMATIC OPERATION 


HEN a booster station practically runs itself, 

month in, month out, gas conservation is bound 
to be more practical, more profitable! And that’s the 
success story behind those Cooper-Bessemer GMV 
V-Angles, shown opposite, in Universoil’s new station 
in the West Beaumont field. 


These two GMV’'s are daily handling 4,800,000 feet 
of gas that ordinarily would be flared—doing it effi- 
ciently with the attention of one man for each 24 
hours of operation! It's a good example of the adapt- 
ability of modern Cooper-Bessemer V-Angles to ex- 
tensive automatic control. The installation features 


variable speed governors to meet wide load varia- 
tions, as well as automatic shutdown devices on the 
cooling water and lube oil systems. Likewise. the inlet 
scrubbers have low-liquid-level dump and shutdown 
controls. 


If you're planning compressor jobs from 220 to 3,000 
hp. automatically controlled or otherwise, check on 
Cooper-Bessemer V-Angles—today’s and tomorrow's 
answer to compressor performance at its best. 





“The 


Cooper -Bessemer 
Corporation 





Bradford, Penna 
Houston, Dallas, Greggton 
Tulsa, Okla 
Chicago, Illinois Caraca 


New York, N.Y 
San Francisco, Calif 
Odessa, Texas 
St. Louis, Mo los Angeles, Calif 


Washington, D.C 


Seattle, Wash 


Parkersburg 


MOUNT VERNON, OHIO — GROVE CITY, PENNA. 








The Baker-Otis Selective DUAL-ZONE Production Hook-Up, which includes two 
Baker Retainer Production Packers, permits selective production (either pumping 
or flowing) ; acidizing, formation fracturing, and other treating; or testing of either 
zone through the tubing while simultaneously producing the other zone through 
the annulus. The switch in flow, or the selection of either zone for treatment is 


accomplished at the discretion of the operator, using a wire line, and it is not nec- 
essary to kill the well—to move or remove the tubing string —or to disturb the Baker 


Packer hook-up in any way. 


COMPLETION ADVANTAGES 


SAVES INSTALLATION TIME-— You can perforate, set 
the Baker Packers, and complete the well by simply 
running in the tubing. Previously it has been necessary 
to make at least two additional trips with the tubing, 
killing the well each time 


SAVES EXPENSIVE DRILLING RIG TIME-— After the 
Baker Packers have been set, the tubing run in, and 
surface connections made, the drilling rig can be 
moved off. All future work can be done with a swab- 
bing unit and a pump truck —at distinct savings. 


PROVIDES SAFETY IN HIGH-PRESSURE OR HY- 
DROGEN SULPHIDE WELLS— Surface “flanging-up” 
is completed before the mud is displaced. After the 
mud has been displaced work is performed by using a 
wire line and wire line tools through a lubricator. This 
is a highly important advantage in high-pressure or 
hydrogen sulphide wells 


EITHER ZONE CAN BE TESTED WITHOUT REMOV- 
ING TUBING — Not only while the well is being com- 
pleted, but at any time therafter, either or both of the 
zones can be tested without removing the tubing string 
or disturbing the packer hook-up installation 


ELIMINATES EXTRA ROUND TRIPS FOR ACIDIZ- 
ING OR FORMATION FRACTURING — In the past, 
treatment of either or both zones has been carried out 
before the packers were set. This practice not only pro- 
longed the completion by necessitating extra round 
trips, but subjected the zones to the full mud load dur- 
ing the interval between the completion of the treat 





ment and the termination of the packer installation 
The Baker-Otis Selective DUAL-ZONE Production 
Hook-Up, on the other hand, permits treatment of 
either or both zones at any pressure that is safe for the 
tubing, at any time during the life of the well 


PRODUCTION ADVANTAGES 
PERMITS SWITCHING FLOW- Should the character 


of either zone change at any future time, the flow can 
be switched—even under pressure —by running in the 
appropriate Otis Choke on a measuring line 


} PERMITS PLUGGING FLOODED ZONES -— If either 


zone should load up or flood out, it can be plugged at 


the cross-over 


PERMITS SURFACE WORK WITHOUT KILLING THE 
WELL—If at any time it is necessary to overhaul the 
surface equipment, the annulus can be shut off at the 
cross-over. All needed work can then be done without 
killing the well 


GET YOUR COPY 

of this new, three-color broad- 
side which contains complete 
details of the Boker-Otis Hook- 
Up, with ordering instructions 
Ask any Boker representative, or 
write the nearest Baker office 


Fmd Qanee Ors SHeeCve! 
oe move ue 


HOUSTON > LOS ANGELES - NEW YORK 





HERE’S THE HOOK-UP THAT 
PROVIDES FLEXIBILITY, ECONOMY 
AND SUCCESSFUL RESULTS! 





ons 

wrt o# 
SELECTIVE CROSS OVER 
CROSS OVER 


“nent : DESCRIPTION OF HOOK-UP 
assemauy | 
ons ” 

A standard Baker Two-Packer DUAL-ZONE Production 
Hook-Up with Change-Over Flow Tube, embodies a Special 
Locator Packer Sub which replaces the usual By-Pass Collar. 
The Locator Sub serves two purposes: (1) It connects the 
Outer Tube of the Change-Over Flow Tube with the Otis 
Type “H” Cross-Over Landing Assembly; and (2) It posi- 

il 1 = tions the Tubing Seal Nipples in the bore of each of the two 

RETAINER ' te PA| RETAINER Baker Packers. 

a 7 PRODUCTION 


peoouc peoour’ 
no 4150 7 me ase 


L_ TYPE “@* 
PARALLEL FLOW 
CHORE 





INSTALLATION AND OPERATION 


After the Baker Packers are run and set (on 
wire line, tubing or drill pipe) the tubing string 
equipped with Baker-Otis components is run in. 
The well head equipment is then flanged-up, and 
the drilling rig replaced by a swabbing unit and 
a pump truck. It usually is preferable to seat the 
Locator Sub in the top packer before fluid-ex- 
change operations are performed. 








ance The appropriate chokes are then run in on a 
+ measuring line, located and locked in the Land- 

seni ing Nipple to permit the most advantageous flow 

wun | arrangement for the initial completion, with both 
= 1 initial and future production possibilities in 
pranuct wo sue mind. At any future time the operator can switch 
— i , the flow pattérn merely by using a measuring line 


me ‘emt ‘ = (under pressure) to retrieve the choke in use and 


ranouc’ 


ma aise | ° == replace it with the other choke. 

















LET YOUR BAKER REPRESENTATIVE 
CHECK YOUR NEEDS AND ADVISE YOU 








Any Baker representative will gladly discuss your prob- 





lems at the well; make specific r dations; and 


a arrange for installation of the Baker Packers and the 
an 


mroDUcTiON i Baker-Otis Hook-Up —Call him today. 
Tue 7 


























Fig. 1—Parallel Flow 
(Lower Zone through Tubing; Upper Zone through Annulus) 
An Otis Type “X” Cross-Over Choke is run on a measuring line; 
seated in the landing nipple; and the upper zone swabbed-in 
through the tubing. The choke in use is then replaced with on Otis 
Type “R” Paraliel Flow Choke, and the lower zone is swabbed-in. 





Fig. 2—Cross-Over Flow 
(Lower Zone through Annulus; Upper Zone through Tubing) 
An Otis Type “R” Parallel Flow Choke is run in on a steel meas- 
uring line; seated in the landing nipple; and the lower zone 
swabbed-in. The choke in use is then replaced with an Otis Type 
“X” Cross-Over Choke and the upper zone is swabbed-in through 
the tubing. 


This is @ simplified 


schematic drawing 





There’s more than acid to 


ACMUZINE 


Dowell Addition Agents 
HELP SOLVE WELL PROBLEMS 


Successful acidizing treatments demand more than just acid. Any well may present 
problems that call for special chemicals to be added to the acid. These addition agents 
can make the difference in the well’s production. 

Twenty years ago, Dowell pioneered acidizing by adding an “inhibitor” to hydrochloric 
acid. Since then Dowell has developed many other chemical addition agents for use in 
well treating. Dowell acidizing service has proved itself in every major oilfield. When 
you want the best in acidizing, call Dowell. Successful experience, the right materials 
and trained engineers are a combination that means results! 


There’s a Right Dowell Acid for Your Well 


TO REMOVE MUD— Ask for Dowell 
Mud Acid . . . contains chemicals 
to make the acid capable of dis- 
solving the clays found in pro- 
ducing formation and the clays 
commonly used in drilling muds. 


TO INCREASE PENETRATING 
ABILITY— Ask for Dowell XF Acid 
; contains surface tension 
reducing agents to increase pene- 
trating ability of the acid. Aids 
return of spent acid and permits 
treatment of relatively fine pores. 


TO REDUCE SILICATE SWELLING— 
Ask for Dowell XM Acid . . . con- 
tains chemicals to speed well 
clean-up. It reduces swelling of 
silicates found in clay minerals, a 
problem often encountered in 
acidizing treatments. 

TO SPEED REACTION RATE—Ask 
for Dowell XX Acid . . . contains 
intensifier to increase reaction 


TO PREVENT EMULSIONS— Ask for 
Dowell XW Acid .. . contains an 
agent to help prevent the forma- 


TO REMOVE "“GyPp”—Ask for 
Dowell XG Acid . . . contains a 








rate on dolomitic formations and 
provides better solvent action on 
other formations. 


tion of emulsions and to aid in 
breaking emulsions which have 
already been formed. 


foaming agent to use in removal 
of “‘gyp” from tubing or face of 
pay zones. 


DOWELL SERVICE 


Acidizing + Jel-X + Electric Pilot + Perfo-Jet - » Jelflak 
Bulk Inhibited Acid + Chemical Cleaning for Heat Exchange Equipment 


DOWELL INCORPORATED e¢ TULSA 1, OKLAHOMA 


A Subsidiary of The Dow Chemical Company 


pook te 


Paraffin Solvents 


“First in Oilfield Acidizing... Since 1932’ FOR Oll INDUSTRY CHEMICAL SERVICE 
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The Professional Concept 


By Joe B. Alford 


Executive 


Secretary 


Petroleum Branch, AIME 


1 profession is not merely a group of men or women wl 
possess in common certain knowledge and certain elaborat 
skills which they apply to specialized service for a good salary 
or an 


appropriate fee; uwiis a who he 


entered into a compact with each other to serve their mut 


group of persons 


interests and the common good. 

Wickenden 
forth the 
qualifications and moral foundations upon which all profes 


The above statement by the late William E. 


! Professional Guide for Junior Engineers’ sets 
sions rest. It has great import. 

In the same publication, which should be read and in the 
library of every person aspiring to be an engineer, Wickende 


stated further: 


In its higher senses, a profession is an occupation u 


1. Renders a specialized service based upon advanced sp 
clalized knowledge and skill, dealing with its problen 
primarily on an intellectual plane rather than on a pl 
cal or manual labor plane: 

Involves a confidential relationship between a practitior 
and a client or employer: 


Is charged with a substantial degree of public obligatio 
by virtue of its possession of specialized knowledge 

Enjoys a common heritage of knowledge. skill, and stat 
to the 


cumulative store of which professional men a 


bound to contribute through their individual and coll: 


tive efforts 

Performs its services to substantial degree in the gener 
public receiving its compensation 
ited direct 


improvements in goods, services, or knowledge 


interest, through lis 


fees rather than through profit’ from 
which 
accomplishes 


Is bound by a distinctive ethical code in its relations 
nith clients, colleagues, and the public 


The 


trusteeship, as a professional man is given a trust by thos 


most basic principle of professional responsibility 

who employ his services. The trust arises from the great huma 
needs — such as illness, legal protection, safety. and the cor 
version of raw material to useful products — in which people 
must rely on others who are skilled in satisfying these needs 
The trust cannot be vielated, because the profession is granted 
its services and the agreeme 


the right to exist in return for 


that society will be held immune from exploitation: 


Petroleum Engineering is a Profession 
The 


three traditional law. medicine, and 
divinity had a common origin in the need of primitive peopl 


professions ol 


for government, health, and spiritual life. Such peoples did 
not need engineering until they began to move. to build. ar 
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to produce; as a consequence, the development of engineering 
into a profession came more slowly. occurring largely within 
the past 200 years. 


with 


Although engineers are still struggling 
the professional standards for 
engineering as a whole have been highly developed, and a vast 


“status” and “recognition.” 
screntih 


It is 


trusteeship 


imount of knowledge has been recorded as its foun- 


dation 1 full grown profession, with a high degree of 

Petroleum engineering has its rightful place as a branch of 
the larger field; it meets all of the requirements for a profes- 
sion. From its inception in 1901 with the discovery of Spindle 
top and the Anthony F. Lucas. it has 
experienced a growth through the development of 


activities of Captain 
dynamic 
concepts, techniques. and practices to the present state of the 
int. It is a 


n the 


young. vigorous profession with a bright challenge 


future what is unknown today about petroleum and 
its production is vast. It is a profession with a great trustee 
ship. for when the final story is told. it will be responsible for 


the production of a major part of this nation’s supply of oil. 


Twofold 


Ful professional fife can n be 


Professional Life is 


achieved in isolation 


aspects of professional life are essentially individual, 


le some are essentially group relations. 


The individual aspects of professional life concern the man 
himself. He must perform his own work. take pride in it, and 
bear responsibility for it. The observance of a confidential 
relationship with hi 


trust 


employer and the discharge of the public 
rests solely on him; the enhancement Of his reputation 
rests upon his professional behavior 
The collective aspects are bound up with the group which 
ges in his particular profession. The collection of knowl- 
edge held by the group comes to him as a heritage from hi- 
iffiliation with the group. He is obligated to add to that knowl- 
edge from his own experience: he must lend his support to 
the maintenance of the standards which the profession observes: 
ind he must give part of his energy to the organization which 
serves the 


profession. In short, the profession has a claim on 


him: he must acknowledge it and do his part to advance the 


rt for the sake of the art itself 


The Rewards 


(An awareness of the professional concept, and the practice 
of an art within its light. can bring rewards in numerous ways. 
These are perhaps intangible and even aesthetic. 
Yet. it is 
ind old 


found under the sign of the 


imaginary, 


significant that many professional men, both young 
say that such rewards mean more than 


dollar 


will honestly 


those 


“ Je Junior 


r Engineers, Engi- 
Development, 29 West 


‘9th St.. New York 
Tevas 


Professional 


Mile Addres 


opment, 4 


published by the Engi- 
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“We got everything 
on that wildcat” 


—we used 


BAROID 


WELL LOGGING 
SERVICE 


Mud Analysis and Cuttings Analysis 
Combined in One Log, with On-Location 
Core Analysis at No Additional Cost! 


“Got a nice producer, and got it in fast time, too. Baroid Well 
Logging Service helped a lot, because it gave us the information we 
needed when we needed it while the bit was making hole. And it 
gave us accurate information—every show of oil and gas, lithology, 


porous formations, everything! 


“Best way to show you the difference Baroid Well Logging makes 
is to compare it with the last wildcat we drilled. On that one, we were 
only making about 50 feet a day, coring every drilling break; on this 
one, with Baroid Well Logging; we took cores only when the mud and 
cuttings analyses showed oil or gas . . . possible production and we 
averaged better than 180 feet a day. And we didn’t miss a thing the 


whole depth of the hole 


This is a typical response from the many operators who make 
wildcats behave with Baroid Well Logging Service. Your Baroid field 


man will be glad to give you complete information 


BAROID SALES DIVISION, NATIONAL LEAD COMPANY 
Main Office: Houston, Texas + P. 0. Box 1675, Houston |, Texas 
OS ee ee ee ee 





Improved Production by Chemical Treatment 


In Gulf Coz 


ist Areas 


By Burton Aulick, H. F. Hopkins, Frank Saye, Members AIME, and Wayne Hower 
Halliburton Oil Well Cementing Co. 


A method has been developed to restore permeability of certain 
sands containing bentonite which have been blocked by drilling 
fluid filtrate. Both older producing wells and initial completions 
have responded to the new treatment with increased production. 


lhe oil and gas producing zones of the Gulf Coast areas are 
recognized as possessing relatively high natural permeability 
and reservoir pressure. In spite of these facts, many well com 
pletions are difficult and frequently disappointing as to initial 
potentials. Formation characteristics, as disclosed by electric 
well logs, cores and drill -stem tests, in many cases indicate 
potential production which is not developed upon completion 
of the well in the zone in question. Some such cases have been 
abandoned which, in view of presently known facts, could 
have been made into satisfactory producers. 

Other wells which were originally successfully completed 
but which later required remedial work of various kinds 
frequently prove difficult or impossible to recomplete to the 
production efficiency existing before such work-over was pe! 
formed. These cases lead to the belief that the production 
interference is a condition localized to the vicinity of the bore 
Though it 1s not always possible correctly to analyze the caus« 
for this effect, it is logical to assume that original efficiency 
might, at least in part, be recreated by relieving the local 
bore area of the matter responsible for the blocked condition 

Consideration of these facts has caused much thought on 
processes and techniques which might re-establish as much of 
the original permeability as possible. Many procedures for this 
purpose, which are successful in other oil producing areas 
have not been particularly effective in the Gulf Coast zones 

In order to successfully attack the problems pertinent to this 
area, it is necessary to define the conditions and effects con 
sidered to exist. Generally, the recognized producing sands of 
the Gulf Coast area are known to contain varying quantities 
of bentonite ot a type which readily absorbs and retains water 
which, in turn, creates a reduction of permeability due to 
swelling. The most prevalent source of water which can creat 
this condition is filtrate from drilling fluid. Recent findings 
have shown that drilling fluids can penetrate appreciable dis 
tances into sands. Studies have disclosed that excessive pres 
sures created during drilling period and running of casing 
often force large quantities of drilling fluids into the formation 
During remedial operations, fresh water is often forced into 
the sand in the vicinity of the bore. Instances are of record 
where sand or gravel placed opposite the producing zone by 
use of salt water has blocked reservoir flow at the conclusion 
of the gravel packing operations. 

End noticed where 


References given at end of paper 
Paper to be presented at Houston meeting, Oct 


effects are often formation fines and 
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interstitial water accumulate, over long period of production. 
in the formation adjacent to the well bore which act to reduce 
the permeability to oil and may greatly reduce the production 
of the well. 

It is possible for oil and water emulsions to be formed 
within a producing formation near a well bore. Where such is 
the case, oil production will usually be reduced because of 
blocking set up by the ordinarily higher viscosity and thix- 
tropic property of the emulsion. 

Che question naturally arises as to what can be done as a 
corrective measure to alleviate these blocking conditions. The 
ideal situation would be to restore the sand to its original 
condition existing prior to penetration by the drill. In the 
line of attack to this problem, it seemed logical that the 
blocking materials should be removed from the formation, 
and those which could not be entirely removed, be so altered 
that blocking fullest 
possible extent. 


their action would be reduced to the 


ideas for accomplishing removal of the blocking 
considered. Of these, all abandoned for 
reasons of practicality in favor of a chemical method; this 
being the application of chemical agents designed to reduce 
size of bentonite particles, disperse muds, break water block- 
ing. and reduce emulsions in the vicinity of the well bore. 


Several 


causes were were 


Realizing that actual dissolving of silicious and bentonitic 
materials could not be achieved in appreciable amounts under 
well treatment conditions, it was apparent that other physical 
changes of benefit might be created to increase permeability 


by removing restrictions to flow 


LABORATORY WORK AND THEORY 


It was discovered in the laboratory that a chemical treat- 
ment utilizing a weak solution of hydrochloric acid coupled 
with certain aromatic sulfonic acids could be highly beneficial 
in increasing effective permeability of sands containing 
bentonite. 

The swelling or water adsorption properties of bentonite 
depend on the nature of the surface of the individual particles. 
This may further be broken down to include the metal (cation) 
ion or ions that are present as well as the electrical charges 
surrounding the bentonite particles. 


It has been stated that an expanding bentonite can be 


changed to a non-expanding bentonite by merely changing the 


SECHIOMT ... 








This statement, undoubtedly 
work of Baver and Winterhorn 


outer or exchangeable cations 
has merit and is backed by the 
in their study concerning the water adsorption properties of 
various bentonites. Their findings definitely show that different 
metal salts of the 
the amount of water that could be 
Listed three 
water that one gram of the 


caused a drastic change in 


adsorbed and tightly held 


same bentonite 


below are metal bentonites and the amount © 


bentonite will adsorb 


11.08 cu cm 


bentonite 2. 
» 


Sodium bentonite 
Calcium 50 cuem 
Hydrogen bentonite 20 cucm 


The above ratios cannot be expected to be exactly the same 
for all of the bentonite, but the 


definite. 


great variety of trend i- 

The electrical charge of a bentonite particle further govern- 
the amount of water that can be adsorbed under any given set 
It has been stated that the electrical charge’ on 
8x 10 and that 


bentonites have a surface area of as much as 330 sq 


of conditions 


bentonite is electrons per sq em, some 
meters 
per gram. This powerful charge can be partially neutralized 
by the presence of metal salts in the water surrounding the 
bentonite, and thus prevent normal adsorption and swelling 
This swelling is well known in the oil industry and has been 
illustrated many times in respect to the comparative action 
of some shales in fresh and salt water. 
Further evidence has shown that complex ions and even 
anions can be absorbed on the bentonite surfaces. The intro 
duction of this phase further complicates an already complex 
subject, but it is an important factor that should be kept in 
mind where bentonite is, or may come, in contact with oil 
The chemical mixture of dilute hydrochloric acid and aro 
matic sulfonic acid has a powerful effect on the surface 
characteristics of bentonite. The hydrogen ion from the hydro 
chlorie acid will replace the predominant sodium ion, thus 
causing the formation of hydrogen bentonite. Such a change 
will cause the former swollen bentonite particle to lose most 
Ihe system, bentonite and water, will 


of its affinity for water. 


he reduced in size, and free water will be released from each 
nucleus. A partial neutralization of the electrical charges will 
also be noticed. This will be due to the excess of hydrochlori: 
acid plus the salt formed by the ion exchange reaction. 

The use of the this 


mixture causes several actions to be added to the phenomenon 


aromatic sulfonic acids in chemical 


of ion exchange. The aromatic sulfonic acid is a very 
and breaker. The 


tion of the above chemical mixture has a low surface tension 


potent 


-urfactant emulsion recommended propor 
that falls in the range of 33.6 dynes per cm at 78°F 
Such a filter cakes ben 


tonitic and thus contact a great 


mixture will penetrate mud and 


formations effectively, 
The efficiency of the ion exchange is 


sand 
quantity of bentonite 
undoubtedly increased by this action, and the released water 
having a low surface tension, along with the original solution 
is easily recovered from the treated horizon 


AY here a 


formation 


quantity of mud has been lost to an oil-bearing 
or the aim is to remove the mud filter cake from the 
sides of the well bore, the dispersing properties of this chemi 
The mud filter cake is not 


but becomes dispersed as the 


cal mixture are highly important 
hardened by the fon exchange 
exchange takes place. thus forming a fluid mixture very easily 
removed from the formation and the well bore. 

Che chemical mixture also has the property of breaking oil 
and water emulsions. Strong evidence has been obtained which 
indicates the presence of emulsions in oil-bearing formations 
The solids the 
drilling mud are excellent emulsion stabilizers which caus 
block the flow 


particularly where drilling mud is present 


the formation of emulsions that can efficiently 
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of oil tot vell bore. Therefore, the breaking of these emul 


sions, al recovery of the mud and water, is an essential 


factor ve considered in the treatment of a formation 


to re-estal " cle 


nt permeability for the economic produc- 
tron 


The surface { the bentonite particle can be considered 


polar, due to the distance between the electrical charges on 


its surface. The surfactant in this chemical combination i- 


also very polar and can be considered anionic in 


nature 
conjunction, a theoretical consideration pointed to the strong 
possibility of an adsorption of this complex ion on the surface 
tests this 


plus the fact that the same ion is strongly 


of the bentonite particles. Laboratory have proven 


theoretical conce pt 
adsorbed on the sand grains. This adsorption aids the effort 
to change the nature of the surface of the bentonite particle 
and thus alter its swelling and wettability in different environ 


While it 


irom the 


ments is possible for the surfactant to be leached 


sand grains, if subjected to the flow of water, test- 


have shown that large volumes of water are necessary to 


remove any hig the adsorbed chemical from 


thus 


percentage of 


the solids conclusively proving that a large volume of 
water or mud will develop a low surface tension as it passe; 
through the treated body 


mixture of 


sand 
The effectiveness of the these chemicals on the 


permeability of bentonitic sands has been thoroughly investi 
gated in the laboratory. A system was devised that 


fluids could be 


directions, so as 


simulated 
sand 
flow 


Was 


well where forced through the 


different 


an oil 
body in 


rates of oil 


to determine relative 
of conditions. A 


proportions ota 


inder a variety clean sand 


different good grade of 


Phe 


and per 


contaminated with 
drilling 
svnthetic then wet 
mitted to remain in a stati 
hydrated. The 


constant flow 
forced 


mud bentonite and packed into the apparatus 


formation was with fresh water 
condition until the bentonite was 
flow of oil was reversed through the 


The ‘ he m 


from the 


thoroughly 
rate was obtained 
into the sand bedy 
fresh The flow of oil 
1 constant flow rate obtained. Similar test- 
dilute 


sand body un 1 


ical mixture was then 


same direction as was the water was 


rain reversed and 


were performed hydrochloric acid without the 


using 


addition of the aromatic sulfonic acid. and the results are 


included for comparative purposes 


Per Cent 


Bentonite 


Pere entage 
Increase 
in Oil Flow 


in Sand Treating Agent 


667 
Acid 00 
3.450 


Acid 1.538 


Mixture 
Hydrochloric 
Mixture 
Hydrochloric 


Chemical 
Dilute 
Chemical 


Dilute 


\ more striking difference in flow rate increases was noticed 


when 


similar sand bodies were treated with both agents. but 


no initi ) ow rate determined before the chemical 


tests 


was 


conditions of the were very closely con 


same density of sand and constant pressures 
oil flow 


determinations, as a 


\n increase in as compared to 


result of the 


rate, 


f previous 


xture treatment of 3.445 per cent was obtained. A 
treatment with lilute 


litions 
lo] per 


hydrochloric acid under the same con 


showed an increase in the rate of flow of oil of only 


cent, thus substantiating the rele played by the aro 


icid in the chemical mixture. 


9.2 bbl per ton bentonite used in the 


ited with the chemical mixture. washed. 


vield of the bentonite thus 
ton. It that the 


surface characteristics of the bentonite particles were radically 


reground. The 


treated was then only 35.7 bbl per 


appears 
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changed, thus causing the swelling and water adsorptior 
properties to be greatly altered. 

Some interesting phenomena were observed during the above 
tests which are thought to be of value and are here listed f: 
further reference. 

1. Fresh 

through the sand bedy during the initial oil flow rat 


water was never recovered when oil was fore: 

determinations. 

Acid water, having a low surface tension, was recovered 
ahead of the oil on every test where the chemical mixture 
was used. 

No bentonite was recovered with the oil on any of th 
determinations. Therefore, the great increase in perme 
ability shown by the additional flow of oil is due to the 
change in the surface characteristics of the bentonite 
particles which caused the release of some of the previ 
ously very strongly adsorbed water. 


METHODS OF APPLICATION 


\pplied to either an initial completion, or to an established 
well to improve production, the well treatment is usually 
quite simple procedure. Volumes of the chemical solution ar 
comparatively small, in general, 500 to 1,000 gal per stage 
and injection pressures, as a rule, are rather low. 

On new wells, after obtaining the initial production results 
by whatever mechanical arrangement is appropriate to the 
area, the chemical treatment is then applied. This is ord 
narily done through the regular well head connections, and 
the sub-surface equipment already in the well. For example 
if a production packer is in place with mud fluid in the 
annulus above it, the treating solution is pumped straight into 
the tubing, thence into the formation against existing well 
pressures. This fluid is displaced to bottom and into the zon 
with sufficient following fluid, usually either oil or salt water 
to force the chemicals out into the zone being treated, and 
leave the perforated or open hole section just covered with 
the treating solution. 

It is not necessary for the chemical mixture to remain in 
place in a static state for more than a matter of minutes. One 
hour closed in is the general rule. Recompletion can then 
immediately follow. If natural flow will 
the well, it is only necessary to run the recovery to pits until 
clean production is obtained. If well conditions are such that 


eccur on opening 


swabbing is permissible or necessary, the early clean up can 
frequently be speeded up by such practice as soon as the 
static closed in period is over. 

Where the treatment is applied to older producing wells 
the methods are also simple. Treatments have been applied 
through open ended tubing. through tubing with rods in place 
and where conditions demand, through use of several varieti« 
of well servicing tools and packers. 

In wildeat wells which have shown very little recovery o 
oil and gas and large quanties of mud on test, these treatment 
have been applied directly through the drill stem testing 
assembly. Following such injection, the test proceeds wit! 
either flow or swabbing. Several such instances have result 
in good completions in zones which otherwise would have 
heen plugged off. 

Gallonage of the chemical solution to be applied has bee 
the subject of much laboratory and field study. It is a practical 
impossibility to make a concise statement to cover all case 
The extremely varied conditions existing between fields, zones 
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make 
stated 


individual study a necessity. Some 
be modified and ad 
justed as may be warranted by actual experience. 


ind wells in them 


general rules can be which may 


Five hundred gal of selution represents a‘practical mini- 


It is considered good practice 
that it is better to run sue- 


mum quantity for regular use 


ind experience verifies the idea 


cessive lots of this amount, than one large injection at one 
Again, this practice can, and should, be modified as 


indicate. 


time. 
actual well conditions may 

In a new completion where there is evidence of large amounts 
of mud having been displaced into the sand to considerable 
distance from the bore, then the use of successive small gal- 
lonage treatments appears to be the practical approach; the 
thought being that less possibility would exist of pushing the 
mud in place further out into the zone, than if all the treating 
solution was injected at one time. If small lots are used, and 
the zone cleared between injections, better cleaning seems to 
result in this instance. 

Where existing producing wells are to be treated, the gal- 
lonage and injection procedure may frequently be altered with 
resulting economic advantages. Here it may be possible to 
use a single stage injection of large size, rather than the suc- 
cessive stage method, and so gain in work time. Numerous 
cases are on record where a 1,000 gal treatment resulted in 
much more production increase than a 500 gal one. These 
results were entirely disproportionate to the ratio of treating 
volumes used. Probably the best approach, to the already pro- 
ducing well problem in a given field and zone, is to try first the 
smaller volume one-time treatment and ascertain the result, 
then progress to the larger type job and so make a compari- 
son. Field results have been good with both methods, and 
only a direct comparison can show the better procedure in 
any field. 

It is obvious that thickness and porosity of the zone being 
treated will influence the quantity of treating solution to be 
used. The foregoing statements refer to Gulf Coast sands which 


seldom have an effective thickness of more than 20 ft. 


FIELD RESULTS 


Field results have been encouraging in using this chemical 
treatment as a production stimulant. From Jan. 1, 1952, until 
Sept. 1, 1952, in excess of 200 wells have been treated in the 
Gulf Coast area with varying amounts of chemical. Many of 
these treatments have resulted in producing wells which 
would have otherwise been abandoned. 

It is difficult to state with certainty the degree of success 
of these treatments. This is influenced by a large number of 
treatments attempted in a last stand effort to secure produc- 
tion. Many such treatments naturally did not produce SUCCESs- 
and these zones were then abandoned. Conversely. 


this treatment 


ful results. 


however, there have been many instances of 
which did secure production. These have been sufficient in 
number to the extent that they have influenced the well owners 
in making decisions concerning any possibility of success in 
certain zones 

In South Louisiana results obtained include the following: 
In the Sparta production of the Opelousas field. four wells 
with an actual collective 24-hour test flow of 24.450 Mecf gas 
and 704 bbl distillate increased by this treatment to 
76.000 Mef gas and 1.200 bbl distillate. 


\ Miocene well perforated from 9.508 to 9.517 had produced 
10.000 bbl of oil, and then ceased production 


were 


approximately 
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entirely. After repeated efforts to re-establish production by 
various means, this well was given a 500 gal chemical treat 
ment. Production began immediately, and slowly increased to 
a settled rate of 80 BOD on 6 64 in. choke at a 
month after treatment 

Another Miocene well at 9.926 to 9.946 
at all on attempted initial completion. Fluid was swabbed 
down to 7,500 ft. 
down several times, but fill-up never came higher than the 
1.800 ft level. One thousand gal of the chemical treating solu 
tion were injected. The well responded with natural flow, no 


date on 
refused to produce 


Zone was next vil-squeezed and swabbed 


swabbing required, and established production of 200 BD 
on 'y-in. choke. 

Six interesting jobs were done in Charenton area at approx 
imately 6,600 ft on old producers. One well producing 98 pet 
cent water, 25 B/D net, was squeeze cemented, chemically 
treated and recompleted for 182 B/D, no water. Three well- 
were not producing at all. After treatment, production of 48 
1) and 100 B/D respectively, was obtained. Another 
producing at 70 B,D was increased to 121 BD. Still another 
producing at 8 B, D increased to 148 B/D. Each of these wells 
lhi- 
group of six wells shews a cumulative net increase in produc 
tien of 536 B/D 


In the University 


well 


were treated with 500 gal in a single stage treatment. 


fre Id, one well zone which 
had up to that time in all previous attempts refused to pro 
duce with 1,000 gal 


a natural flow of 80 B/D. and an erratic water production 


prospecting a 


was treated The well responded with 
ranging from 0 to 10 per cent of total fluid. From the best 
first 
obtained from this particular sand, although the sand is well 


information obtainable, this was the production ever 


known, and shows fer producing possibility on electric logs 

\n interesting job was done in the Evangeline field on a 
well that had not produced any oil in a considerable period 
of time. This 6,700-ft well was treated with 750 gal and recom 
pleted with natural flow of 85 BD. and did not require swab 
hing. This declined over a period of six weeks to its present 
producing rate of 50 B/D 

In South Texas (Houston area) successful treatments have 
been performed in the Cockfield and Frio sections. These have 
\ Frio well in the Hastings 
500 BD 
well was 
178 BOD 


been on beth new and old wells 
field completed in 1937 for an original potential of 
1952. the 


given a 750-gal treatment. Recompletion resulted in 


had ceased producing entirely. In June, 
flowing production, 

In the Conroe field several successful treatments have been 
performed. One of these wells producing no oil and reported 
abandonment. on treatment with 1.000 gal estab 
lished a potential of 189 B/D flowing. This 
performed in April, 1952. and it is reported that this well 
still easily makes its allowable of 71 BD by natural flow 


ready for 
treatment wa- 


Another Conroe well approximately seven years old, making 
38 BD and 12 bbl water per day. was treated with 1.000 gal 
After treatment this well had a potential of 98 BD and pro 
BOD 

\ well in the Frie sand of the Magnet field responded to 
500-gal treatment by an 
to 41 BOD 

Another Frio well. which had ceased to produce any oil, bu’ 
would make 100 bbl of 110 B/D and 


12 bbl of water on test after having been treated with 1.000 


duces at its allowable of 47 


inerease in production from 9 BD 


water per day. flowed 


gal. This was then reduced to the field allowable of 37! 
of oil, which was accompanied by 12 bbl of water 


same vicinity. a well was producing 9 BD by gas lift 
750-gal treatment increased the production to 61 BD flowing 


64-in. choke 
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Blue Ridge field making 14 1 


treatment 


\ 2.6000-it well in the 


responded to a 500-gal with an 
2 BD 
\ Miocene producet 


Columbia field 


increase up 


bottomed at 2.293 ft. in the West 
pumping D. used a 1,000-gal 
production to 80 B/D 


which was Sb 


treatment, which increased the 
Texas (Corpus Christi area) there have been 
this 


a satisfactory initial completion 


In Southwest 


several instances in which chemical treatment was of 


great assistance in eflecting 


of a well. On some wells, drill stem tests previous to setting 


of casing and perforating showed commercial production to 


be obtainable. After perforations and subsequent testing, con 


siderable amounts of mud were recovered on these tests. but 


no commercial production Swabbing operations recovered 


only mud, gas and oil cut. In all instances where these condi 


tions existed, and the chemical treatment then was applied 


the condition was remedied to the extent that the mud block 


was destroyed and production obtained without further pet 
These 
ompletion practice, which some operators 

that 


and more economically than by previously used methods in 


forating or swabbing relatively few jobs indicate that 


if adopted as i 


have already done production may be obtained easiet 


ections susceptible to mud or filtrate invasion 


CONCLUSION 


The unique chemical combination of dilute hydrochloric 


acid and an organic material, aromatic sulfonic acid, has a 
marked effect in the 
Research in the laboratory disclosed that this chemical mixture 
could be used to 


sands containing bentonite 


reduction of water-swollen bentonite 


improve the permeability to oil and gas of 
either naturally in place or intro 
duced as by drilling fluids. 

1952 


since 


Jan. 1. 


instances for 


Field applications on over 200 wells 


have resulted in a large number of successful 


improving production, and in assisting initial completions 
Che oil and gas-bearing sands of the Gulf Coast area generally 
susceptible to damage by fresh 
work. Both older 


responded t 


bentonite. and are 


filtrates and 


contain 


water as from mud remedial 


producing wells and initial completions have 


this chemical treatment with stimulated production. This new 
method has already shown 


chemical encouraging 


Gulf 


of application. it is 


treating 


toward extending economi 


wells. Because of the 


results producing life of 


Coast simplicity 


possible that it may have an important effect in developing 


new production and extending old preduction in sands to 


which it 
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(continued from preceding page ) 
EXCEEDS 


illustrate the vital point that the Cyclator will 
clarify wastes to your local requirements at least 


cost. Write for Bulletin 850A — containing data * a er gh cn wy aba in comparison to 
exceeds expectations for processors every where * to conus cmon covery and wor attend poy 
North America, South America, Europe. s. Removes suspended ead colloidal solids, oils and 
toxic compounds rapidly and efficiently. 
* Throughput is extremely high because chemical 
mechanical 


INFILCO INC. x* Tucson, Arizona aerate ieelanced ia.@ single 


and case histories which show how the Cyclator 


% Reduces chemical costs because most efficient 
mixing is attained with recirculation. 


* Effluent purified to the degree required to 
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Ht “EXPLAIN-MORE” DIAGRAM 
SiH LEGEND: 
Test] Moon 


tH ge SUSPENDED 
| ‘a SOLIDS Performance of “old- 


style” three-basi i 
1} Bs.o0 yY ree-basin plant 


FIG. 2 
Performance of Infilco 
Pilot Plant with 


recirculation 
OCOK AT PROCESS SAVINGS 


Here's a recent pilot plant study. An Infilco pilot 
plant was installed in parallel with a treatment 
plant with separate mixing, flocculating and 
sedimentation basins. 

Both plants treated oil-bearing wastes. Alum and 
activated silica were used as the coagulants. Figure 
| shows that the three-basin plant operated at a rise 
rate of only 0.2 gpm per square foot for about 95% 
oil removal. Slightly higher removal was gained 
with the Infilco plant and at a rise rate of 0.6 gpm! 

The result: two 100-foot diameter Cyclators were 
installed by a large Eastern refinery to treat waste 
at 3700 gpm. Process savings like this are typical 
of Cyclator installations. When you need facts for 
waste disposal at least cost, ask for Infilco’s spe- 
cialized experience ...there’s no obligation for 
preliminary planning 
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ELEMENTS OF PETROLEUM PRODUCTION — IV 


Methods of Electric Logging 


Reported by J. A. Klotz 


Pacific Technology Forum 


Loy M. Charter, area logging engineer for the Shell Oil ¢ 
presented the fourth talk of a series on “Elements of Petro 
leum Production” sponsored by the Pacific Technology Forut 
for the benefit of engineers in the Los Angeles area. Charte1 
future talks will be about 
drive, 


discussed well logging: reservoil 


fluids, fluid mechanics, solution gas gravity drainage 
natural water drive, and condensate production. 

Charter limited his talk to a discussion of the objectives a1 
of but for 


logging should used 


methods electric logging, maximum informatio 


electric be in conjunction with other 


logging methods: core analysis, mud and chip logging. drilling 

and tests. Without thes 
however, the electric log can be (1 

between adjacent wells. (2) to 


rate records, formation aid from 


other methods, used 


correlate stratigraphy 


depths of sand and shale layers within a well, and (3 
indicate fluid content of sub-surface rocks. Charter explained 
the use ol 
potential log. to determine the properties and saturations 
subsurface fluids. Fluid property determination depends 


the presence of salt water in the rocks penetrated by the well 


two electric logs, the resistivity log and the self 


is low 


If this water is relatively fresh, so that its conductivity 
not as reliable as they wo 
be if the water saltv. The resistivity log 

function of rock porosity, shape ot pore channels within the 
rock, and water The 
self-potential log is a function of changes in reck from sar 
to shale, difference in salinity between the fresh water drillir 
and of a filtration 


estimates of water saturation are 


were relatively 


saturation, as well as water resistivity 


mud and the saline formation water, 
streaming potential caused by mud filtrate flowing thro 


the filter cake 


Self-Potential Log 


Part of the self-potential, SP., results from an electro 
chemical cell that is formed at the 
water mud, sand saturated with salt water, and shale saturated 
with salt water. Positive and negative ions from the saline fo 


mation water diffuse into the fresh water drilling fluid. 


junctions between fres 


Jecause 
shale is more permeable to positive ions than to negative tot 
positive ions collect at the shale-mud boundary: this bounda 
electrically positive to the 
Ihe electrical potential that this sand-shale 


becomes with respect sand-mud 
boundary. 
concentration cell creates depends on the same variables t! 
control other cells. Among these 
are the relative mobility of positive and negative ions thro 
shale, the conductivity of the salt 
difference in salinity between formation water and mud wate: 


and the kinds of ions in the formation water and in the 


electrochemical Variable 


water saturated sand, 1 


water. Most self potential formulas have been developed 


sodium chloride brines: if formation water contains a 


concentration of other salts, serious error may result if the 


are used without alteration. Electrochemical 
SP. 
water by the following equation: 

SP K log, (R Rivted? 
AK usually lies between 60 and 90. 

Another part of the self-potential, SP;. is caused by uneq 


transport of positive and negative ions by mud filtrate 


formulas 


potential. may be related to the resistivities of mud 


formation 
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filter cake into the formation. Colloid chem- 
ists have this “streaming potential”; it 
depends on the rate of flow of filtrate (therefore, on viscosity 
bility of mud cake, and filtration pressure 
difference ) the electrical conductivity of the filtrate. 
Most of these are constant for a particular mud so that SP; 


flows through the 


named potential 


of the filtrate, perme 


and on 


is proportional to filtration 
SP P + spr, 
specific filtration self-potential, a property of the 


pressure: 


where Spr is 
drilling fluid 
determined from the self- 
potential log by the following method. (1) Find a reliable 
portion of the SP curve; that is, a long flat SP maximum. This 
long maximum will occur opposite a clean, salt water satu- 


Formation water salinity can be 


rated sand. Shale or clay in sand depresses the self-potential 
oil a jagged self-potential curve so 
a reliable (2) Measure 
a laboratory filtration cell. (3) Calculate SP, for the 
filtration the well. (4) Determine the 
electrochemical self pote ntial by the equation, SP = SF ise 

SP,. (5) Measure the resistivity of the drilling mud and eal- 
R R, 


and sand may cause 


that 


in 
maximum cannot be determined. 
spy in 


pressure difference in 


from the equation, 
SP 
R A 


water 


culate 


Determine formation salinity from Wvlie’s chart of 


resistivity as a function of salinity 


TRUE BED 
RESISTIVITY 





APPARENT 
RESISTIVITY 
BED THICKNESS ~ 
SPACING 


2 
a wa ae 
APPARENT RESISTIVITY 


BED THICKNESS. ., 
SPACING 5 
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Resistivity Log 


rhe resistivity log measures the apparent resistivity of 
formations opposite the logging instrument. If these formations 
were homogeneous, vertically and horizontally, and if the 
resistance of well bore fluids was the same as the formation 
resistivity, the electric log would measure a true resistivity 
Fig. 1 shows the deviation due to vertical discontinuity of the 
short normal from true resistivity. If the 
thickness of bed is more than about five 


times the spacing between the electrodes, measured resistivity 


resistivity curve 


a high resistivity 


reaches a maximum approximately equal to the true resistivity 
of the formation. If the bed is thinner, however, the normal 
curve will fall short of the true high resistivity of the forma- 
tion. Lateral resistivity also altered by changes in 
bed thickness. Fig. 2 shows the deviation of the lateral curve 
from true resistivity. If the bed thickness is twice the spacing 
between 
the solid 
Fig. 2, the measured 
will rise 


logs are 


electrodes, 


curve ot 


resistivity, 
to the true 
mum after the in- 
strument has passed 
about half 
through the bed. 
But if the high re- 
sistivity bed is thin 
ner than the elec- 


TRUE BED 


RESISTIVITY maxi 


— 


way 


trode spacing, meas- 
ured resistivity will 
than the 
maximum true re- 
sistivity, the dotted 
curve Fig. 2. 
Guyod* has calcu- 
lated and plotted 
the relationship be- 


be less 


ELECTRODE SPACING FOR SOLID LINE 


¥ 
E 
8 
5 
2 
g 
§ 
¥ 
@ 


FIG. 2 

tween measured ap- 

parent resistivity and true bed resistivity for different bed 

thicknesses. These correction data are, however, only approxi 

mate because of bore hole and effects; and if a 

resistivity measurement can be obtained from a thick bed. 

this measurement should be used so that such corrections can 
he avoided. 


invasion 


The well bore, filled with drilling mud, and the invasion 
zone, filled with mud filtrate, are other inhomogeneities that 
change the electric log resistivity curve. If the distance between 
electrodes is many times greater than the well bore and inva 
sion diameter, the bore hole and invasion effect is small, but 
large electrode spacing creates large bed thickness errors. The 
spacings that are used on logging instruments, therefore, repre- 
sent a compromise between large spacing and small bore hole 
and invasion error, and short spacing and small bed thickness 
error. The electric log resistivity curve can be corrected for 
bore hole and invasion 
effects combined with the aid of “departure curves” that have 
been published by Schlumberger Well Surveying Corp 


either bore hole effects alone, or for 


Formation Factor 


The water saturation of subsurface rocks can be estimated 
from the resistivity log with the aid of the “formation factor.” 
Formation factor, a rock property, is the ratio of the resistivity 
of a formation saturated with brine to the resistivity of the 
saturating brine; it is related to both porosity and perme 
ability. Highly permeable and highly porous rocks have low 
formation factors. Highly porous, but impermeable rocks, such 
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as shales, usually 


have low formation 


factors. Good corre 


lations « be ob 


tained between po 


resity and formation 


factor and reliable 


formation tactors 


can be estimated 


from porosity after 


these correlations 
~ 12 4 


estab FORMATION FACTOR 


have been 
lished, but because 

. , FIG. 3 
correiation of for 
factor with 


permeability is 


mation 


formation factor cannot be estimated 


pool 
from permeability measurements. 

If a sand contains clay, the formation factor is not a single 
; the factor depends on the salinity 


saturate the sand. 


valued property of the san¢ 
The conductivity of clay sur 
brine. If the 
the contribution of clay sur- 


of brines that 
salinity of the 
is high, 


faces is independent of the 


formation water salinity 
face conductivity to the total conductivity of the reck is small, 
but if the salinity is lo 


tively large 


surface conductivity is a rela 
total 


with 


Ww, ¢ lay 


fraction of a conductivity. As a_ result, 


formation factor decreases decreasing water salinity 


Fig. 3 shows the relationship between water salinity and meas- 
a sand in the San Joaquin Valley 


formation tactor tor 


about the 


ured 


Uncertainty change in formation factor caused by 


changes in salinity normally is more serious than uncertainty 


ipproximations that are necessary to measure 


ind calculate 


caused by other 


formation factor water saturation 


Water Saturation 


Phe water saturation of rock may be expressed as a function 
of R, the saturation of Sy: F, 


the formation factor; the resistivity 


resistivity of the rock at water 
and R,. 
can be determined from the self-potential log, and 
with the aid of the 


Then S, is given by 


of the tormation 
brine R, 
R from the resistivity log as corrected 
Schlumberger departure curves. 

ae R/F + Ry) 
Archie, 


with 


The approximation, given by that n 2 is good for 


clean sandstones saturated highly saline water, over 


10,000, ppm If the formation factor is known, this equation 


may be used to calculated water saturation. 


Charter concluded his talk with an example analysis of an 


electric log from a California well. He illustrated the measure- 
ment and calculation of the filtration self-potential and of the 
electrochemical self-potential. He showed estimation of forma 
tion water resistivity from self-potential and illustrated meth 
ods of estimating formation facter and filtrate invasion depth 
resistivity from the electric log 


by matching lateral curves 


with Schlumberger resistivity departure curves 
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One of Many Reasons Why 
Halliburton’s Best for Your Drill Stem Test 





You have a lot at stake when a tester’s on the rig. You want a man who knows 
the importance of the job. You want a responsible testing specialist! 

Your Halliburton Tester is hand picked from a field of high-calibre men 
He is selected for his extraordinary responsibility, efficiency, and eapabilits 
Then he is carefully trained and thoroughly experienced on every type of 
well until he has earned the coveted title of Halliburton Testing Specialist 

Your Halliburton Tester stays on the rig from start to finish of the test 
giving you his close, full-time, personal attention. He comes fully equipped 
with the most advanced and specialized tools in the industry to perform a 
safe, successful,accurate test on the very first run most of the time 

Halliburton has over a hundred responsible testing specialists. One of 
them is just minutes away and ready to go as soon as you call. Save rigtime, 
phone him before you come out of the hole. Halliburton Oil Well Cementing 
Company, Duncan, Oklahoma 





YOU GET BENEFITS 
OF BIG RESEARCH 
Halliburton alone offers a testing 
ervice developed and improved by 
25 years’ energetic, grass-roots 
research 
a GREATER ACCURACY IN 
PRESSURE RECORDING 
MORE REASONS WHY ; 
Halliburton's exclusive Bourdon Tube 
HALLIBURTON'’S BEST: the most precise pressure record- 
. ing device gives you far greater 
accuracy at no extra cost 


YOU GET MILLION- 

JOB EXPERIENCE 

There's no substitute for experience 
nd Halliburton alone offers you the 
enormous experience of service on 
more than a million jobs 
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Baash-Ross—pioneers of modern 
unitized Block-and-Hook designs and many 
other important Block advancements—now 
brings you another vital development in this 


field... 


A Block (with choice of connector units) 
that can be quickly converted to one 
sheave or two sheaves, depending upon 
requirements — without re-reeving the 


2 Li, 1 Jd oli ' 
lines or g P ed ges! 





Use it as a two-sheave Block when 
pulling tubing and doing other work where 
the added capacity of a four-line string-up 
is needed. 


Then, by simply removing a few bolts, 
the Block can be divided, one sheave 
anchored in a corner of the rig without even 
re-reeving the lines (see left, below) and 
you have a fast-acting single sheave Block 

for pulling rods and other 
light work where fast Block 
travel is desired 


As a single-sheave unit the 
Baash-Ross “PB” has more weight 
than conventional single-sheave 
blocks—falls faster, hangs straight, 
doesn’t “wander” when running empty. 


Available Through Leading 
Supply Stores 


- Baash-Ross 
Ce p B’’ 


Quick Change 
PRODUCTION BLOCK 


} What about line reeving? 


Baash-Ross has simplified that, too. 
Each sheave unit can be easily opened to 
expose the sheave without removing covers, 
as shown at right. Lines are simply /aid in 
place—can be left looped in rig between 
jobs to save time and eliminate dangerous 
crown reeving each time a job is set up. 


Wide choice of Connector units 


To increase still further the unusual 
idaptability of Baash-Ross “PB” Blocks, 
they can be equipped with any of a wide 
choice of Connector units... Becket—spring- 
loaded Link Adapter—spring-loaded Stand- 
ard Hook—or spring-loaded Oversize Hook. Both the 
Hooks and Link Adapter are free-swiveling in a full 
360° circle, or can be quickly locked in any of 8 equi- 


spaced positions 


Baash-Ross “PB” Quick Change Blocks are designed through- 

out for long trouble-free life. Get full details on this new 

development from your nearest Baash-Ross representative. 
Or write direct! 


GENERAL OFFICES: 5512 SO. BOYLE AVE., LOS ANGELES 58 
OKLAHOMA CITY 9 * HOUSTON 20 + ODESSA * CASPER 
Export Offices. 11 W. 42nd St. New York 36 





ELEMENTS OF PETROLEUM PRODUCTION — V 


Reservoir Fluid Properties 


Reported by 


J. A. Klotz 


Pacific Technology Forum 


Marshall B. Standing, supervisor of drilling and productior 
research for the California Research Corp., presented the 
fifth talk of the series that is being sponsored by the Pacific 
lechnology Forum. Standing centered his talk on several of 
the reservoir fluid properties and methods for determining 
reservoir fluid properties that are not as well understood a- 
be 
Standing discussed methods and apparatus used for collectin 


they might by most operating engineers. In particular 
fluid samples and properties of gas condensate and dissolved 
fas systems. 

In all analysis work, the results are useful only if the sam 
ples analyzed are representative of the large bulk of materia! 
whose processing is to be guided by the analysis. Petroleur 
reservoir fluid analyses are not different from other analyses 
if fluid samples not representative of the fluid that 
the rock, the results can 
after they have been altered to minimize sampling error 
fluid samples that truly 
reservoir fluids are almost impossible to obtain. Standing de 


are 
only 
Ur 


representative of 


flowing nm reservoir be used 


fortunately, are 
scribed three sampling methods, bottom hole sampling, recon 
bined surface sampling. and flow line sampling: he discussed 
of of these 
explained how sampling errors inherent in each method ma 


advantages and disadvantages each methods 


he minimized, and explained the most advantageous use of 
each method 


Bottom Hole Samples 

Bottom hole samples are obtained by running a sampling 
bomb down well tubing on the end of a wire line. When the 
bomb reaches the point in the tubing from which a samp! 
is to be taken. valves on the sampler are activated to admit 
and then to trap within the bomb a sample of the fluid that 
happens to be within the tubing at that level. After the sampler 
Thi 


type ot sampling obtains a precise sample of the fluid that i- 


valves are closed. the instrument is drawn to the surface 


in the tubing when the sampler was closed. but this samp 
is not necessarily representaive of the reservoir fluid. If the 
well is heading, the sampler may contain all gas or all liquid 
the 
sampler will almost certainly not collect gas and liquid i: 


when it is closed. and even when the well is not heading 


the same volumetric proportion that they exist in the reservoir 
rock, 

To assure that a reproducible liquid sample is obtained, the 
well is shut in long enough to allow complete static separatio! 
of liquid and gas phases within the well bore. Two or three 
samples are then taken from below the liquid surface and 
bubble points of these samples are measured. If these bubbl 
points agree within one or two per cent. the samples ar 
probably representative of the reservoir liquid. Unless the 
reservoir contains undersaturated oil, the bubble points, wher 
extrapolated to bottom-hole temperature, should equal bottom 
hole pressure. as well as agreeing within themselves. Standing 
-uggested that simple tests such as compressibility measure 
ment and bubble point measurement. should be made in the 
field. The sampling engineer can be certain that no damage 
has occurred to his samples during shipping only when well 
head measurements, made with simple portable PVT appara 
tus. can be compared to laboratory measurements. 
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\n experimental obstacle lies in determination of the tem- 
perature of the fluid sample at the time well head measure- 
Bottom hole samples usually reach the 
portable PVT apparatus at a temperature that is 20 or 30°F 
ibove ambient temperature. While the bubble point pressure 
rapidly enough to make 


ments are made 


is being measured, the sample cools 
temperature measurement difficult, but too slowly to enable the 
operator to wait until the sample reaches ambient temperature. 
For fluids 
five psi for 1 F te mperature ¢ hange. 


most well bubble point pressure changes about 


Recombined Surface Samples 


Recombined samples are taken by collecting samples of the 
liquid and of the gas that is produced by the well and by 
reblending this liquid and gas in proportions that are equal 
to the gas and oil production rates. If these production rates 
the sample cannot be ‘ ombine | 
represent the fluid flowing the 


accurately 


will 


ire not known 


properly, and not in 


reservoir 
Liquid production rates usually can be estimated accurately 


by plotting cumulative oil production as a function of time 
ind by measuring the slope of this curve at the time the sample 
was taken. Samples for PVT analysis are usually taken from 
If the trap installation 


rates measured at the 


the discharge lines ot primary traps. 


several stages. oil production 


contains 
last stage must be corrected for oil shrinkage to determine the 
production rate at the sampling point. 

Gas production from each trap is usually measured by means 
of an orifice meter; production rates from these meters are 
usually accurate enough to permit good recombined sample- 
to be made. Well production should be adjusted, however, so 
that gas flow threugh the meter is uniform; gas production 
that he 


The recombined sample method is cheaper and more con- 


from a well is heading cannot measured accurately. 
venient than the bottom hole sample. but dependence of the 
recombined sample on accurate gauging is a decided disad- 
vantage. For most well fluids, the measured bubble point pres- 

2 


sure for the recombined sample is proportional to the 0.8 


power of the gas /oil ratio. Thus, if the gas/oil ratio is 15 pet 
cent in error, the bubble point pressure measured for a recom- 
bined sample will deviate from the bubble point pressure of 
reservoir fluid by 12 per cent 

One of the chief uses of recombined sampling has been it 
the development of generalized relationships between proper- 
For this work. gas and oil fractions 


recombined so that the sample 


ties of petroleum fluids. 
of the sample need not be 
represents the fluid in any particular reservoir. In fact, meas- 
several different combinations of the 


urements are made on 


same gas and liquid samples to determine such general rela- 


tionships as the 0.8 power dependence of bubble point pressure 
on gas ‘oil ratio that was stated in the preceding paragraph. 


Flow Line Samples 


If field tank and trap systems are arranged so that several 
wells feed into a single trap. flow line sampling is usually 
the most convenient method of obtaining samples from indi- 


vidual wells. In the usual flow line sampling assembly. a 
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sampling tube extends into the flow line through a tee. The 
samples obtained by this method depend on the homogeneity 
of the fluid that is flowing in the flow lines. For example, most 
of the liquid from condensate wells travels through flow lines 
us a thin layer on the walls of the pipe, the remainder is 
carried as entrained droplets in the gas stream. Relative pro 
portions of gas and liquid that enter the sampling tube depend 
on the relative fluid velocities in the flow line and the sampling 
tube. If these velocities are the same, the fluid in the sampling 
tube will have the same composition as the fluid in the center 
of the \ larger proportion of liquid may be drawn 
into the sampling tube, however, by withdrawing the sample 
lower than that of the flow line fluid. Thus flow 
line sampling can be used to produce accurate samples only 


flow line 


at a velocity 
if the proper sampling rate is determined. 


| sually 


mined; all samples are withdrawn at the same rate. Flow line 


however, the “correct” sampling rate is not deter 


sumpling is used to produce samples which, even though they 
ire not truly representative of the reservoir fluid, can be used 


te detect changes of the reservoir fluid with time. 


Gias Condensate Systems 


Most gas condensate wells are not easily distinguished from 
dry gas wells by observing their production behavior alone 
The only reliable method of differentiating between these two 
of gas wells is to run complete PVT analyses. If the 
the fluid 


reservoir temperature. the reservoir is a dissolved gas system 


ty pes 


critical temperature of reservoir system is above 
On the other hand. a critical temperature that is below reset 
voir temperatures indicates that the reservoir is a gas conden 
state 


These 


retrograde 


-Vstem 
characterized by 
Phat is. as 


reservoir 


<vstems are known as 
fluid 


a liquid phase 


the behavior 


condensation pressure on the 


decreases, at constant 


condenses and tl 


temperature 
portion of liquid in the reservoir increases 
is pressure is decreased. In a typical gas condensate system 
the fraction of liquid may increase from no liquid at original 
reservoir pressure to near five per cent liquid at a pressure 
1.000 psi lower. If a gas condensate reservoir is 


that ts pro 


duced by pressure depletion as a dissolved gas reservoir would 
the 


(originally in the gas phase in the reservoir) 


be produced. a large pertion of heavier hydrocarbons 
will condense 
This liquid phase cannot be produced until it revaporizes when 
1,000. psi. 


re-evaporates as 


reservoir pressure declines to about 


of liquid that 


The quantity 
the 
declines depends on the composition of the system and on the 


condenses and pressure 


relationship of original reservoir pressure and temperature to 


critical pressure and temperature of the reservoir fluid. For 


~ome gas condensate systems, much liquid condenses with a 
-mall drop in pressure. This liquid then revaporizes slowly as 
the pressure declines; vaporization may not be complete until 


the pressure is very low. For other gas condensate systems 


liquid condenses slowly as the pressure declines and then 
evaporates rapidly 

The first liquid that condenses as pressure is reduced in a 
gas condensate system is strange to our usual conception of 
oil. The liquids are light. about 20 or 30 pef. They contain a 
large proportion of liquid methane 50 and 60 mol 


\s the pressure of the system decreases, the fraction 


between 
per cent 
of liquid methane decreases to zero at low pressures, and the 
liquid density 


and 


with this liquid has more normal properties: 


increases as methane vaporizes and heptanes 


heavier hydrocarbons condense. The gas in equilibrium 


usually a high 
proportion (about 80 mol per cent) of methane. The concen 
tration of heptanes and heavier in the gas at pressures just 
below the retrograde dewpoint is, however, larger than normal 
This concentration decreases sharply as pressure declines and 


heptanes and heavier condens« 
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Dissolved Gas Systems 
fluid differentiated 
condensate systems by the fact that the critical temperature 


These reservoir systems from gas 


are 
of a dissolved gas system is above the reservoir temperature 
These systems do not exhibit retrograde condensation; they 
behave like normal fluids — as the pressure drops, the propor 


tion of gas increases continuously. Because dissolved 


gas 
systems are more common than gas condensate systems, most 
engineers are familiar with the behavior of dissolved gas sv- 
Standing did not these 


theroughly as the gas condensate systems. Instead 


tems. therefore, discuss systems as 
he limited 
his discussion to an attempt to dissipate confusion that arises 
that flash 


whereas vaporization process that occurs within 


because vaporization process occurs in traps is a 
vaporization 
the reservoir as the pressure is slowly reduced is a differential 
process 


In the 


that occurs in traps 


process (known as flash or equilibrium vaporization ) 
all of the gas that is vaporized remain- 
in contact with all of the liquid so that the two are very nearly 
in equilibrium with each other throughout the vaporization 
Within the 


both withdrawn bit by bit 


reservoir, however, liquid and fas 


process g are 
fluid remaining within the reservoir 
declines. As 
properties of this liquid change 
will not be the 
later in the life 


will not be in equilibrium 


vaporizes slowly as the pressure is evolved 


gas 
from the liquid 


the gas that 


remaining 
first 
that 


Also the 


and comes out of solution 


comes out of solution 


first g 


same as the gas 
of the 
with the liquid that remains in the reservoir at the lower pres 


reservol 


The quantity of gas that vaporizes from a liquid sampl 
1.000 


path of the vaporization proces- 


“ure 


as the dropped. for example from 


pressure is psi to 
will depend on the 
The volume of solution gas and the liquid shrinkage will be 
different 


if the 


if the process ts a single stage flash vaporization than 


process is a two- or three-stage flash vaporization, or a 
differential vaporization. In the field, gas oil ratios are usually 
reported as cubic feet of gas per barrel of tank oil. Both ga- 
measured for fluids that leave the 


volume and oil volume are 


last stage of the trap setting I ngineers do not always remem 


ber. however. that these gas oil ratios depend on the history 
of the oil 


duc tion 


ind gas as they flow from the reservoir to the pro 
lines 

In order to clarify these two types of vaporization, Standing 
defined the following terms: (1) Formation volume factor, the 


volume of a quantity of reservoir oil divided by the volume to 


which this quantity of oil has shrunk by the time it reaches 


This shrinkage is primarily caused by 
gas within the trap. (2) Relative oil vol 
residual volume of oil to its original 


the field stock tanks 
flash vaporization of 
ume, the ratio of the 
Residual volume. the oil volume remaining alter 
gas has differential 
The path of oil from the reservoir to the stock tank involves 
both of differential the oil 
evolves gas while it remains within the reservoir; flash vapor 
tubing and into the production 


volume. (3) 


been evolved by a vaporization process 


these processes 


vaporization, as 
ization, as it travels up the 
Both the 


must be 


formation volume factor and the relative oil 
estimate ot 


trap. 


volume considered before an ace urate 
original oil volume can be made. 
Because oil shrinkage within the trap depends on the pres 


tank oil 


that is produc ed for each volume of reservoir oil flowing can 


sure at which the trap is operated, the volume of 


changing trap pressures or by changing the 


\ 15-20 per cent increase in tank oil 


be changed by 
number of tr ip stages 


rroduction may often be obtained by adding a second stage 
to the trap setting 

Standing closed his talk by presenting a glossary relating 
to hydrocarbon behavior. This glossary contained short. clear 
about 90 that discuss the 


behavior and properties of petroleum reservoir fluids. * * * 


definitions of terms are used to 
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A DEPENDABLE 
RUGGED 20-30 HP 
OIL FIELD ENGINE 


Lufkin engine-unit combination means one responsibility—one 
source for your entire surface pumping equipment. Fifty years 
of know-how in monufacturing oil field equipment is your assur- 
ance of satisfactory, long-life, low upkeep, and dependable serv- 
ice. The Lufkin H-333 gas engine is built around the needs of 
the oil fields 


@ Two cylinder, two cycle, crosshead design for 
smoothness and long life. 


@ Condenser cooling for more efficient cooling and 
lubrication. High even temperatures desired for sour 
gases are maintained. No water pump troubles. 


@ ru pressure lubrication with oil under pressure 
forced to all wear points for longer life and trouble- 
free service. 


@ Ensy starting by hand. Optional: Built in 12-volt 
electric starting system, or air-gas motor starting 
requiring only 254 gas pressure. 





Lufkin engines con take it, which has been proven in the field 
over many years of continuous operation. We invite you to write 
direct er check with your nearest Lufkin representative for 
information and delivery 





LUFKIN, TEXAS 


Branch sales and service Houston, Dallas, New York, Tulsa, Los Angeles, Seminole, Oklahoma City 
Corpus Christi, Odessa, Kilgore, Wichita Falls, Casper, Wyoming; Great Bend, Kansas 
Lutkin Equipment in CANADA is handled by 


THE LUFKIN MACHINE CO., LTD. 14321 108th Avenue, Edmonton, Alberta, Canada. 

























a PERFORATING 
7 tae BEAUTY 


MUST BE MORE THAN 
SKIN DEEP! 


For ten years the oil industry heard claims that 





simultaneous logging of the gamma and neutron 
curves was an impossibility . . . that there was no such 
thing as a pure neutron. 

Then, two years ago, PGAC introduced these very 
features to the oil industry. And now, two years of 
highly competitive field service has proved beyond 
question the outstanding superiority of PGAC’s Simul- 
taneous Radiation Logging, as well as the incompar- 


able utility of PGAC’s Pure Neutron. 


AFTER TWO LONG YEARS, 


0000 


IS STILL THE ONLY COMPANY 
TO COMMERCIALLY OFFER... 


A... the unequaled accuracy of simultaneous gamma 


and neutron radioactivity logging—plus its economical 


Call in PGAC to log and per- advantages resulting from only a single trip in the hole. 





forate your next well. Your 6 the foolproof neutron/neutron (pure neutron) curve 


results will quickly prove the —to avoid the detrimental effects of neutron/gamma 


| difference to you! And if you methods used for all competitive logging of the neutron 


wish detailed information on 
curve 
; these and many other exclu- 


sive features, please write to- Yes, year after year, PGAC leads the field in logging 
day for PGAC’s new catalog and perforating developments . . . achievements which 


greatly benefit each of PGAC’s many customers. 


PERFORATING GUNS ATLAS CORPORATION 


General Offices and Main Plant: 3915 Tharp Street, Houston 3, Texas, Telephone: PReston 4351 





BRANCH OFFICES 
- VICTORIA, Texas, Phone 1023 - CORPUS CHRISTI, TEXAS, Phone: 3-1324 - 
S, Phone: 4905 - OKLAHOMA CITY, OKLA... P e: 2-5342 - PAULS 


“1577 MINOLE, OKLA., Phone: 2938 . GREAT BEND, KANSAS, Phone: 4 307 - HOBBS, NEW ME 


. - SE 
Phene: 3.5852 - SHREVE ° 3-1 - LAKE CHARLES, LA hone: 4724 - AYETTE, LA., Phone: 





Canadian Affiliate: PERFORATING GUNS OF CANADA, LTD., Edmonton, Alberta, Canada 
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REED makes a complete 
line of core drills for every 
purpose. In addition to the 
two drills shown at the 
right, REED makes the “SK” 
Core Drill for sulphur and 
other frangible formation 


coring. 


Write for full information. 


REED “BR” 
Wine- Line 
CORING-DRILLING 
OUTFIT 
... gives all the convenience 
and economy of a wire line 
core drill plus an excep- 
tionally high percentage re- 


covery of good cores. 


REED 
Kor- King 
CONVENTIONAL 
CORE DRILL 
The king of core drills. It 


consistently gets an excel- 





lent recovery of good cores 
yet it lasts longer and re- 


quires less service. 


REED ROLLER m COMPANY 


HOUSTON 1, TEXAS 


NEW YORK LONDON BUENOS AIRES 





At Houston 
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Drilling, Gas, Production Technology 
To Highlight AIME Petroleum Branch Fall Meeting 


FORTY-TWO PAPERS AUTHORED BY NATION’S 


TOP ENGINEERS TO BE PRESENTED OCT. 


OUSTON — one of the world’s chief oil centers, the 
H nation’s Ne. 2 pert and the South’s largest metropolis 
is the target of hundreds of this country’s leading petroleun 
engineers who will converge there Oct. 1 for the three-day 
Annual Mid-Continent Fall Meeting of the Petroleum Bran 
\IMI 

Upwards of 1,200 engineers and their wives are expect 
to check in at the South Texas city’s top hotels for three day 
of technical and business meetings, social functions and infor 
mal tours of the area’s equipment manufacturing and service 
company facilities. A program of 42 technical, economic and 
business papers have been written and will be presented | 
<ome of the industry's most outstanding scientists, engineer 
and company executives. \ complete program of events ma 
be found on Page 35, Sec. 1. 

Registration will begin at 5 p.m. Tuesday, Sept. 30, the 
registration desk remaining open until 9 p.m. on the mezz 
nine floor of the Rice Hotel in the heart of downtown Housto 
All technical sessions will be held in the Rice Hotel's several 
meeting rooms. The first formal session, on production equij 


ment. will get underway at 9 a.m., Oct. 1, in the Bailroon 
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1-3 


the Rice 


will begin at 


session 


\ concurrent on well completion practices 
the in the South American 
Both sessions will end at 11:15 Each offers 


within its own field, 


sume time 


Room 
a.m three out 
standing papers on subjects 


Welcoming Luncheon 


The annual Welcoming Luncheon will be held in the Ball 
room of the Rice at 12 noon Wednesday. The kevnote speaket 
for the luncheon will be William K. Whiteford, executive vice- 
president of the Gulf Oil Corp 


This function is expected to 
ittract some 750 


nembers and guests 


having proven to be 
in the past one of the 


lhe 


way al 


major social events of the meetings 
Wednesday afternoon technical session will get under 


) in the Ballroom 


2:30 p.m \ general interest session. 
it will be comprised of three papers. A highlight of the session 
will be a talk by M. L. Haider. president of the AIME and 
vice-president of Standard Oil Co. (N.J.). President Haider’: 
talk will be “The Status of the 


Engineer.” 


Professional Petroleum 


Wednesday evening will be highlighted by a reception and 
buffet around the swimming pool of the Shamrock Hotel. This 


SECTION] . . . 29 








function is open for all members and their wives or guests 
The natural setting of the Shamrock pool promises a pleasant 
social period and will enable those attending to strike up new 
acquaintances and The 


with cocktails followed by the buffet. All will be « apped by an 


renew old ones evening will begin 


aquacade and water show in the pool 


Ihe drilling technology session will begin at 8:30 a.m 


Oct. 2, in the South 


four papers s« heduled. Another morning session, on produc tion 


Thursday American Room of the Rice with 


operations and water flooding, will be conducted in the Ball 


Here 


presented 


Rice four will he 


will be 


discussion of 


room of the again papers 


given 


within a predetermined time 


All papers 


limit but each paper, open to anyone wish 


ing to offer comment, will not be limited as to time. This sys 
tem of procedure was first instigated at the Mid-Continent 
Fall Meeting of the Petroleum Branch, AIME, held in New 
Orleans in 1950. It proved to be so popular that it was repeated 
in Oklahoma City in 195] this 


ine Houston 


and will again be used veal 


Open Meeting of Executive Committee 


rhe open meeting of the Petroleum Branch Executive Com 
mittee will be held from 1:30 p.m. to 5 p.m. Thursday, Oct. 2 
in the Jade Room of the Rice Hotel. This meeting, one of the 
most important executive meetings of the Branch, is open to 
all members who care to attend. Comments are often invited 
from the floor. The meeting will be presided over by Paul 
lurnbull of the La Gloria Cory 
1952 

\ technical session on well completion and logging 
be held in the Ballroom from 2:00 p.m. to 5:00 p.m 


chairman of the Petroleum 
Branch for 
will 
Thursday 
with four papers being given by outstanding authors in their 
fields. Also from 1:30 p.m. te 5:00 
t gas technology held in the South 
will be 


Thursday afternoon p.m 


will he American 
papers on this 


Annual 
will be held in the 


session 


Room where five subject presented 


Petroleum Branch Dinner 
and Dance Ballroom from 8:00 p.m 
to | a.m. No formal program will be offered. 


Thursday evening, the 


Rice 


An economics and management session will be held in the 
South American Room of the Rice Friday morning from 9:00 


12 m. One of the highlights of this session will be a 
paper on the impact of the Williston Basin on the supply and 


Rocky Mountain 


im. to 


demand relationship throughout the and 


Alberta crude producing areas, by John Winger of the Chase 
National Bank 

Concurrently, from 8:30 a.m. to 12 m. a production research 
held in the Ballroom of the Rice with five 
This session will be continued from 1:30 
p.m. to 5:00 p.m. at the same location with an additional four 
papers to be presented. Also from 1:30 p.m. to 4:00 p.m., a 
production operations will be held in the South 
Here will be 


authors 


will be 


session 


papers being given 


session on 


American Room again four papers given by 


outstanding 

One ot 
trip 
Te xXas (ou 


the highlights of the entire meeting will be a field 
to all members attending, to the facilities of the 
lf Sulphur Co 


open 
headquarters at Newgulf, some 50 
miles southwest of Houston. Located there is one of the largest 
world. The open 
rhe trip to Newgulf will be made 
in chartered busses which will leave the Rice Hotel at 1:00 
return about 6:30 p.m. The mining of sulphur 


mining operations in the tour is 


wives of members. 


p.m. and wil 


and the processes used in its storage are as fascinating to 
witness as comparable petroleum industry operations. Here is 
offered a catch 
the absolute contrasts of blazing yellow sulphur and deep 
film. 


In addition to the program of papers, a number of business 


rare opportunity for camera enthusiasts to 


blue skys on color 
meetings will be held by various committees of the Petroleum 
Branch. The Section Conference, just formed this 
will be held at 2:30 p.m. Wednesday, Oct. 1. This Con 
ference is made up of chairmen and a delegate of each of the 
various Petroleum Local Sections and Chapters of the AIME 
The Conference will discuss problems relating to Petroleum 


Petroleum 


veal 


Branch members and offer suggestions to the Executive Com 
mittee as to how such problems should be met and resolved. 
There will also be 


the Advertising 


meetings of the Membership Committee. 


Committee and possibly the Publications 
Committee 


The G 


R. Gray 


ilf Coast Section, under the chairmanship of George 
will act as hosts for the meeting. Other officers of 
the Section are R. C. Craze, Humble Oil and Refining Co., 
chairman; A. B. Stevens, A&M College. vice-chairman: 
R M Rutledge Lane-Wells Co.. 
lrube. Tide Water Associated Oil Co., membership; 
Singleton, Houston Oil Field Material Co., Journal secretary 
and directors R. M. Darling. Stanolind Oil and Gas Co.; H. A 
Otto, Tennessee Gas A. W. Waddill, Hous 
ton Oil Field Material Co.: Welch. Humble Oil 
ind Refining Co x * * 


vice 
secretary-treasurer:; A. S 


Leon 


Transmission Co.; 


and J. R. 








AN IMPORTANT PART OF THE 
NATION’S OIL PICTURE 
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THE CITY NATIONAL BANK 


o- HOUSTON 


Member Federal Deposit Insurance Corporation 














; HAS NO SUBSTITUTE 
A . . . we have in our employ men who have been 
in Directional Drilling Service since the develop- 


ment of deflecting tools. 


Directional Drilling © K Monel Drill Collars 
Side Tracking ¢ Straightening Hole 
Licensed Under Knuckle Joint & Whipstock Patents 


UNIVERSAL OIL TOOL COMPANY 


DIRECTIONAL DRILLING 


2005 Crawford Street Houston, Texas 
FA irfax 3751 P. O. Box 2122 


EAST TEXAS: E. J. “Smoky” Pryor, 2505 Longview ARKANSAS: Guy E. Brown, 841 J. Fayetteville 


LOUISIANA: “Kitty” Gassen, 5651 Sulphur HOUSTON: Ralph Clevenger, HO Ibrook 5-2978 
Louis Hobbie, 247 Lake Arthur 
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WELCOME A.|.M.M.E. MEMBERS 


You Dre Dn vited ee 


o visit our NEW plant. 
mproved Facilities for 
Rreater production and 


better @ products. 








Register at Information Desk 


11:30 AM ~ Board bus at Texas Avenue entrance 
Rice Hotel. 


12:00 Noon Quick tour and buffet luncheon. 
1:00 PM — Product display and rig 
demonstration of NEW A-1 tool. 


2:30 PM — Bus back at 
Rice Hotel. 


REMEMBER! 


@ LUNCHEON @ NEW TOOL DEMONSTRATION @ PLANT VISIT 


Thursday— October 2nd.— 11:30 AM 
9000 Almeda Road 








Picked as the most valuable tools 


Autoflex-Eccentric 
Guide Casing Mill 


PLATFORM 
Mills 263% faster than 
conventional mills. 
Improved knives for more 
cutting power. 
Each knife spring-loaded 
for continuous cutting. 
Guide causes knives to 
saw for full use and 
quicker milling. 


Rotary Type 
Side Wall Core Barrel 


PLATFORM 


Lubricated cores 

cut by rotation. 

Cores averaging 

5.8” long x 114” 
diameter. 
Un-compressed and 
Un-contaminated cores. 
Completely safe 


operation. 


YOU CAN VOTE FOR BOTH ! 


,, or personal recommendations 


write today 
a 


Yi ces 


A-1 BIT & TOOL COMPANY 


DISTRICT OFFICES AND SERVICE POINTS 


EXPORT 
REPRESENTATIVE 


TH AMERICA 


Ay Hote 











PROGRAM, 


of 
Papers and Activities 


PETROLEUM BRANCH, AIME, FALL MEETING 


Rice Hotel Houston, Texas October 1, 2, 3, 1952 


(All papers shown are subject to change or withdrawal.) 


Tuesday, September 30 


5:00 p.m. to 9:00 p.m. — Advance Registration 
Mezzanine 


Wednesday, October 1 


8:00 a.m. to 5:00 p.m. — Registration and Exhibits 
Mezzanine 


9:00 a.m. to 11:15 a.m. — Technical Session — Production 
Equipment — Ballroom 


200-G: Use of the Automatic ‘Free Piston’ in Oil Ub eli 
Production Problems, by E. D. McMurry. Gat 


rett Oil Tools, Ine. 


Permanent Type Well Completion, by T. A. Hi 
per and G. H. Tatsen. Humble Oil and Refinin 
Co. 


1 High Pressure Wellhead Lubricator. by How 
snp E. McKinney. Shell Oil Co, 


For the Ladies — Morning Sherry — Rice Hotel 


9:00 a.m. to 11:15 a.m. — Technical Session — Well Completion 
South American Room 


203-G: The Skin Effect and its Influence on the Produ 
tive Capacity of a Well. by A. F. van Eves 
DINGEN, Shell Oil Co. 
Improved Techniques Developed for Acidizing 
Gas Producing and injection Wells, by W. H 
Justice and Jens P. Nievsen, La Gloria Corp 
Rock Rupture as Affected by Fluid Properties 
by P. P. Scorr, Jn. W. G. Bearpes. and G. ¢ 
Howanp. Stanolind Oil and Gas Co. 


L ™ 





12:00 m. to 2:00 p.m. — Wel 9 for Ladies and 
Gentlemen — Ballroom. Speaker, W. K. Whiteford, Execu- 
tive Vice-President, Gulf Oil Corp. 


2:30 p.m. — Petroleum Section Conference — Jade Room 


September, 1952 


JOURNAL OF PETROLEUM TECHNOLOGY 


2:30 p.m. to 5:00 p.m. — General Interest Session 
Ballroom 
236-G: Educating Laymen in Oil Production. by Jack 
Fanner, Phillips Petroleum Co. 
The Professional Status of the Petroleum Engi- 
neer, by M. L. Hater, Standard Oil Co. (N.J.). 
and President. AIME, for 1952. 
38-G: The Pressure Performance of Five Fields Com- 
{quifer, by W. D. Moort 
Ireey. Jr.. Humble Oil and Refining 


pleted in a Common 
and LG 
Co 


7:00 p.m. to 10:00 p.m. — Buffet Supper for Ladies and Gentle- 
men — Shamrock Hotel 


Thursday, October 2 


For the Ladies — Tour of Houston 
8:30 a.m. to 11:15 a.m.—Technical Session—Drilling Technology 
South American Room 


207-44 tn Inhibited Mud for Drilling Water-Sensitive 
Pay Zones, by G. FE. Henpricxson, Cities Service 


Oil Co 

Fluid Mechanics of an Oil Well Drilling String, 
by Wituiam M. Kocu, Reed Roller Bit Co. 

l se of Charcoal in Cement to Combat Effects of 
Contamination by Drilling Muds, by B. E. Mor- 
Gan and G. K. Dumpautp. Humble Oil and Re- 
fining Co. 


208-G 


209-4, 


234-G 1 Vethod of Perforating Casing Below Tubing, 
by M. P. Lepoure and G. R. Hopeson, Schlum- 
berger Well Surveying Corp. 


9:00 a.m. to 12:00 m. — Technical Sessi 
tions - Water Flooding — Ballroom 


211-G: 





Opera- 


\-Ray Shadowgraph Studies of Areal Sweepout 
Efficiencies, by R. L. Suonop and B. H. Cavunre. 
Phe Atlantic Refining Co. 

Water Flooding in North Government Wells 
Field, Duval County, Texas, by D. M. Couwune- 
woop and R. J. BerHancourt, Sun Oil Co. 
Properties of Linear Water Floods, by L. A. 
Raporort and W. J. Leas. The Carter Oil Co. 


212-4: 


213-G 


SECTION 1 








Improving Production by Chemical Treatment in 8:30 a.m. to 12:00 m. — Technical Session—Production Research 


Gulf Coast Area, by Burton Au ticK, H. F. Hor Ballroom 


KINS, FRANK Saye and Wayne Hower, Halli 194-G: Variables Affecting Restored-State Determination 
burton Oil Well Cementing Co of In-Place Oil, by Henry Lewe wine and W. | 

Gruss, The Atlantic Refining Co. 
1:30 p.m. to 5:00 p.m. — Open Meeting, Branch Executive Determination of Limestone Performance Char- 
Committee — Jade Room acteristics by Model Flow Tests, by C. R. Stew 
any, F. F. Crate, Jr. and R. A. Morst 


2:00 p.m. to 5:00 p.m. — Technical Session — Well Completion - lind Oi T 
Stanolind Oil and Gas Co 


Logging — Ballroom 

Calculation of Unsteady-State Gas Flow Through 
Porous Media, by G. H. Bruce, D. W. Pract 
wan, H. H. Racurorp, Jr... Humble Oil and 
Refining Co., and J, D. Rice, Rice Institute. 


215-G Origin of the Eleectri Potential Observed in 
Wells, by W. M. MeCanrveitr, W. O. Winsacen 
and M. Wittiams, Humble Oil and Refining Co 

216-G Electrical Resistivity Measurements on Reservoir 
Rock Samples by the Two-Electrode and Four Surface Area Measurements on Sedimentary 
Electrode Methods, by Cart F. Rust, Magnolia Rocks, by C. S. Brooxs and W. R. Purcett. 
Petroleum Co. Shell Oil Co 

192-(, Veutron Derived Porosity Influence of Bore 3-(, Formation Factors of Unconsolidated Porous 
Hole Diameter, by C. B. Scorty and E. F. Ecan Vedia: Influence of Particle Shape and Effect 
The Texas Co of Cementation, by M. R. z. Wy. and A. R. 

217-G The MicroLaterolog, by H. G. Doit. Schlumber Grecory, Gulf Research and Development Co 


ger Well Surveying Corp. 


1:30 p.m. to 5:00 p.m. — Technical Session — Gas Technology 


South American Room 1:00 p.m. — Field Trip to Texas Gulf Sulphur Co., Newgulf, Texas 


For Ladies and Gentlemen 

218-C: 1 Laboratory Investigation of Oil Displacement 
from Porous Media by a Liquefied Petroleum 
Gas, by J. H. Henverson, Gulf Research and 
Development Co., N. B Gove, H. J. Lepserren 1:30 p.m. to 5:00 p.m. — Technical Session—Production Research 
and J. D. Grirriru, Gulf Oil Corp. Ballroom 

193-G: Low Temperature Phase and Volumetric Behavior a6. Biaw inne Gil iliac Thea Dachations. ba 
of Natural Gases, by T. L. Gore, Standard Oil H. I. Mever, United Gas Corp. 
Co. (Ind.), P. C. Davis, Ethyl Corp., and | 


>) ) ) 
Kurata. University of Kansas. Relative Permeability Calculation from Pore Size 


Distribution Data, by N. T. Burpine, Magnolia 
Pressure Gradients in Natural Gas Reservoirs, ; . a . ata, » » gno 
. Petroleum 
by Davin Cornett, University of Texas, and re ss 


Donato L. Karz, University of Michigan. Theoretically Indicated Methods of Wetting Liq 


uid Relative Pe rmeability Veasurement, by WV il 


1904, Desorption of Hydrocarbons from an Uneonsoli 
wiAM H. Hartwic, University of Texas 


dated Sand, by Cuarces W. Oxrorv, University 
of Arkansas, and R. L. Huntineron, University 32-G: Bubble Formation in Supersaturated Hydrocar 
of Oklahoma hon Mixtures, by Harvey T. Kennepy, Texas 
. : A&M College. and Cuartes R. Orson, Ohio Oil 
Paper for Discussion Only ‘ , 
219-4, Equilibrium Constants for a Gas-Condensate Sys 


tem, by A. E. Horrman, J. S. Crump and C. R 
Hocorr. Humble Oil and Refining Co 


. . 1:30 p.m. to 4:00 p.m. — Technical Session — Production 
For the Ladies — Style Show Tea at Sakowitz Sky Terrace Operations — South American Room 
228-4, Spraberry Permeability from Build-Up Curve 
fnalyses, by A. B. Dyes and O. C. Jounston 
The Atlantic Refining Co. 


8:00 p.m. to 1:00 a.m. — Petroleum Branch Banquet and Dance 
Ballroom 


+e « {pplication of the Material Balance Equation to 
‘ . > . 

Friday, On tobe r 3 t Partial Water Drive Reservoir, by A. F. VAN 

Everpincen, E. H. Timmerman and J. J. Me 


9:00 a.m. to 12:00 m. — Economics and Management Session 
VMauown. Shell Oil Co. 


South American Room 

Input Profile Determinations on Injection 
lis in Secondary Recovery Fields, by Butss 
Halliburton 


\ paper on the impact of the Williston Basin 
on the supply and demand relationship through 
out the Rocky Mountain and Alberta crude pro Apamson and Bor Dices Brown, 
ducing areas, by Joux Wincer. Chase National Oil Well Cementing Co 

Bank 87-G: { Method for Predicting the Tendency of Oil 
\ paper on the Middle East situation. by Wat Field Waters to Deposit Calcium Carbonate, by 
reR Levy. Petroleum Consultant. Henry A. Strive and Lawrence FE. Davis. The 


Two other papers on economics and management Atlantic Refining Co 
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WELCOME, A.1L.M.E 
Call A. R. Thompson at WE-6603 


and arrange a trip to our Houston 
Plant 


A Cm a 


B and W 
SCRATCHERS 


CENTRALIZERS 


FOR 


A Good CEMENT JOB 


Bond W LATCH-ON CENTRALIZER 
With the NEW KON-KAVE BOW, Drop forged 
from the finest alloy spring steel. 


Band W MULTI-FLEX SCRATCHER 


Scratches on the upstroke after casing reaches bottom. 


Band W HINGED NU-COIL SCRATCHER 


The coil spring, reversible scratcher. 
Economical and easiest to install. 


Band W ROTATING SCRATCHER 


Covers the critical section — rotate until the 
cement is placed. 


GULF COAST WEST COAST 
P. O. Box 5266 3545 Cedar Avenue 


Houston 12, Texas Pde. ‘ Long Beach 7, Calif. 
WE-ntworth 6603 Well Completion Specialists Long Beach 4-8366 











ree wo SONDLDG 


U. S. Patent 2,560,911 


A PRECISION INSTRUMENT FOR MEASURING 
THE FLUID LEVEL IN PRODUCING WELLS 
BY THE ACOUSTIC METHOD 


. for the purpose of determining bottom pressure 


. to obtain productivity index 


. for analysis of operational difficulties such as 
saanivaial defective pump or tubing. 
HIGH SENSITIVITY 


gwee ponrion SONOLOG provides two entirely separate record- 


ing channels operating simultaneously at different 
sensitivities and with different characteristics. ...a 


feature that greatly aids in securing reliable data. 


SONOLOG 
. is a rugged instrument 
. is simple to operate and maintain 
. attaches to well head with quick-thread 2” union 


. uses a blank cartridge as source of sound 


SONOLOG IS EASY TO USE 
. Observations are made without suspending pro- 
ducing operations or pulling rods or tubing. 


SONOLOG IS FAST 


. Recordings may be obtained on twenty or more 
individual wells per 8-hour working day. 


SECONDS 


> 


SPECIFICATIONS 
FORM: Strictly portable. Sturdy construction. May be carried by 
ene person or in any conveyance. WEIGHT: Amplifier-Recorder . . . 
70 pounds, Well Head Attachment . . . 30 pounds. POWER: Auto- 
mobile or any 6-volt battery. RECC : ink-on- 
paper. Eliminates camera, film and developing process. Log avail- 
able for immediate inspection. PRESSURE RATING: Pressure rating 
of Well Attachment 1500 psi. (A Well Attachment rated at 5000 psi 
is available at extra cost.) OPERATOR: One man only. No knowl- 
edge of electronics required for operation. DELIVERY: immediate. 


PURCHASE PRICE 
ia i. Eq ; P4 - - 9 well head . plifi 
corder, microphone cable, power cable, 2” male union, ‘cartdge 
rings, orifices, wrenches, ‘record counter ond supply of recording 
RENTAL PRICES poper, ink, blank cartridges, microph g brushes, and 
First month $300.00 operating manual. 
Seaned. sunth 250.00 Terms: Net F.0.8., Houston, Texas $3600.00 
Third month 200.00 
Thereafter, per month 150.00 
By prior arrangement, a portion 
of all rentals paid or due may be 
applied against the purchase of 
complete equipment 


*! 
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Typical log obtained from one shot and 
accompanying echoes down well. Two 
sensitivities permit amplification of im- 


pulses as they become dampened farther 
down weil, enabling fluid level to be ac ; DEVELOPMENT CORPORATION : 
curately determined 
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ABSTRACTS 


Here Are Brief Summaries of Papers to Be Presented 


OF PAPERS TO BE PRESENTED 
AT THE AIME FALL MEETING 


And a Schedule of Authors for the Houston Program 


187-G 


A Method for Predicting the Tendency of Oil Field 
Waters to Deposit Calcium Corbonate 


Henry A. Stiff, Jr., and Lawrence E. Davis, The Atlantic 
Refining Co., Dallas, Tex. 


The authors of this paper previously presented a method 
for predicting the tendency of oil field waters to deposit cal 
cium sulfate. The present paper gives a similar method for 
calcium carbonate. Methods for predicting calcium carbonat: 
avaibable for 
~ome time, but these could not be used for brines. By experi 


sealing tendencies in fresh waters have been 
mentally deriving the value of the K term in the Langelie: 
equation, a method has been developed which applies to 
waters of high salt content. A statistical study is 
which shows that the experimentally derived values of A 


are in good agreement with actual conditions. Several applica 


included 


tions of the final equation to production practice are given 


190-G 


Desorption of Hydrocarbons from an Unconsolidated 
Sand 


Charles W. Oxford and R. L. Huntington, Schoo! of 
Chemical Engineering, University of Oklahoma, 
Norman, Okla. 


Both 


( “sweep” ) 


flow 
recovery of 


and constant 
studied for the 
some pure hydrocarbons by desorption from an unconsolidated 


pressure depletion pressure 


methods have been 
sand. Several factors which were thought to contribute to the 
desorption of hydrocarbons have been treated separately. They 
were (a) rate of gas flow, (b) original liquid saturation, (« 
reservoir temperature. and (d) presence of water and brine 
The effect of pressure. size and shape of interfacial surface 
of other components, and interfacial 
been treated theoretically. Equations for the calculation of 
theoretical pressure-specific gravity curves and their limita 


presence tension have 


tions are presented. Pure hydrocarbons, n-hexane, and =n 


heptane. and a pure gas (nitrogen) were employed in most 
of the addition, a run made 
hydrocarbon condensate as the saturating liquid. Data and 


experiments. In was with a 


graphs have been presented for desorption of pure hydro 
carbons at pressures ranging from 50 psia to 4.000 psia. with 
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liquid saturation of five to 25 per cent, water content of five 
to 25 per cent, and withdrawal rates of 0.034 to 0.900 reservoir 
volumes per minute. Theoretical curves have been shown with 
the experimentally determined points. Data and graphs have 
also been presented for atmospheric sweep studies, together 
with curves based on equilibrium conditions. Hydrocarbon 
concentrations of 5.1 per cent, and sweep 
velocities of 1.159 to 13.66 reservoir volumes per minute were 


cent to 34 per 


U mploy e¢ 


192-G 


Neutron Derived Porosity — Influence of Bore Hole 
Diameter 


C. B. Scotty and E. F. Egan, The Texas. Co. 


The neutron-gamma log has been used for stratigraphic 
il industry for a number of years. In the 
quantitative application of the log te 
with 
considerable attention. The basie concept of quantitative inter- 
pretation has been pointed out in the literature. This paper 
develops by empirical means a method whereby the relation- 
ship of porosity to neutron-gamma deflection may be predicted 
This relationship is applic- 


correlation by the 
past few vears, the 


provide information respect to porosity has received 


for various bore hole diameters, 
able to the present commercially available neutron-gamma log 
run in open hole. Data available at present are insufficient to 
establish similar correlations for cased holes. Through the 
development of such a correlation, the importance of the 


various factors which influence the log become evident. 


193-G 


Temperature Phase and Volumetric Behavior 
of Natural Gases 


Low 


T. L. Gore, Standard Oil Co. (Indiana), Sugar Creek, 
Mo.; P. C. Davis, Ethyl Corp., Baton Rouge, La.; and 
F. Kurata, University of Kansas, Lawrence, Kans. 


(n experimental method and apparatus for the study of 
the low-temperature phase and volumetric behavior of volatile 
The phase diagrams, including the 
volumetric behavior of two natural 
10°F to —200°F and pressures 


desc ribed 
and the 
gases at temperatures from 


mixtures are 


critical points, 


te 1.200 psi are given 


SECTION 1 

















Reesutts cost less with 

Welex jets -- _ because the 

Welex crew that comes to 
perforate your well is 

backed by the most extensive, 
most experienced jet perforating 
research organization in the 
industry. Welex is largely 
responsible for the many advance- 
ments in jet perforating 

techniques and equipment that 
have been provided the oil industty- 


Welex research and develop- 
ment has transformed both casing 


perforating and opeo hole 
™s 


shooting from hazardous, 

unpredictable operations to 
precision processes chat give 7% 

clean, positive penetration 

and improved well 

productivity: 


W elex 

perforating experience aa 

more technical know-how - +> 

more assurance of profitable results. 
Call on Welex for prompt 

service at your well day 


or night. 
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194-G 


Variables Affecting Restored-State Determination of 
In-Place Oil 


Henry Lewelling and W. E. Grubb, Jr., The Atlantic 
Refining Co., Dallas, Tex. 


One of the important functions of the petroleum engine 
is the volumetric analysis of the reservoir for an estimate of 
in-place oil. The reliability of the estimate is a joint functior 
of the accuracy of basic data used and of the correctness of 
application. Frequently, basic data are obtained from labora 
tory determinations of porosity and interstitial water 
ration. It follows that errors in laboratory measurement may 
have a serious effect on reservoir evaluation. A_ better 
standing of the method used. of the variables that effect it 


satu 
under 


and of consistent variations that tend to yield high or low 
results will allow the laboratory worker to produce more accu 
rate values. Similarly, a better understanding on the part of 
the engineer will permit him to use the data more intelligently 
so that unavoidable errors may be corrected rather than cor 

reliability of 
presents the 


pounded, and so that an increased 
This paper 
investigations of variables which may lead to errors 
standard 
determination of 


reservoll 


evaluation may result. results 

n some 
methods. and in the restored-state  (dis« 
interstitial Variables of 
wettability, clay hydration. and gas absorption are shown to 
effects. Additional 
to equipment. technique, capillary pressures. fluid phases and 
that a 


available for 


porosity 
water. preterential 


be interrelated in their variables related 


calculation procedures are considered. It is shown 


report would more properly present) porosity 


hydrocarbon storage than simply porosity and interstit 
water content. Data obtained statistically from a quantity 
restored-state and routine core analysis work are offered a 
supporting evidence. The variables are each treated individ 
ually, so that each may be understood separately. as well a 


in its interrelationship with others. 


200-G 


Use of the Automatic “Free Piston” in Oil Well 
Production Problems 


E. D. McMurray, Garrett Oil Tools, Houston, Tex 


An abstract of this paper was unavailable at the time t! 


issue went to press. An abstract will appear in the forn 


program of events which will be distributed at the meeting 


202-G 
A High-Pressure Wellhead Lubricator 
Howard E. McKinney, Shell Oil Co., Houston, Tex 


\ high-pressure wellhead lubricator has been developed | 
facilitate telemetering electrical measurements from 
with the well under 
flowing conditions. The field unit in use at the present time 


subsu 
face reservoirs to the surface normal 
employs a 5/16-in. diameter, single-conductor armored cab! 
and is to be used in wells with surface pressures up to 5,000 
psi. It has a pressure sealing element that maintains a cor 
tinuous and absolute seal around the cable as it enters o 
leaves the tubing at speeds up to 175 ft per minute, A cable 
injecting device is used which obviates sinker bars or weight 
sections on the instrument. 
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203-G 


The Skin Effect and Its Influence on the Productive 
Capacity of a Well 


A. F. van Everdingen, Shell Oil Co., Houston, Tex. 


The pressure drop in a well per unit rate of flow is con- 


trolled by of the formation, the viscosity of the 
fluid. and the resistance concentrated around the 
well bore resulting from the drilling and completion technique 
from the production practices used. 


the resistance 
additional 


employed and, perhaps. 
The pressure drop cause by this additional resistance is defined 
n this skin effect. denoted by the symbol S. 
his skin effect considerably detracts from a well’s capacity to 
produce. Methods are given to determine quantitatively (a) the 
value of S, (b) the final build up pressure, and (c) the prod- 
uct of the thickness of the pro- 


ducing 


paper as the 


average perme ability times 


formation 


204-G 


Improved Techniques Developed for Acidizing Gas 
Producing and Injection Wells 


W. H. Justice and Jens P. Nielsen, La Gloria Corp., 
Corpus Christi, Tex. 


This paper describes an improved acidizing technique which 
has been applied in acidizing gas wells in the La Gloria Field. 
Wells acidized in this manner exhibited a much greater in 
crease in deliverability than wells acidized in the conventional 
manner. The acid is injected into the well in small slugs 
-eparated by a small volume of high pressure gas. The acid 
ind gas are displaced from the tubing by high pressure gas 
head on the well when the acid is 
rhe well is opened for production as 


to reduce the hydrostatic 
recovered from the well 
soon as the acid and gas are displaced. This procedure permits 
results in large in- 
wells. It 
gas injection wells 


rapid recovery of the acid which 


deliverability of the 


i very 


creases in’ the gas has been 


found advantageous in the acidization of 


» inject the high pressure gas directly after the acid without 


hackflowing the acid out of the well. This practice has made 
it possible to inject the gas in the injection wells of this field 


differential. This reduces the 


horsepower required to inject the gas and also decreases the 


with a much lower pressure 


number of injection wells required per reservoir. 


205-G 
Rock Rupture as Affected by Fluid Properties 


P. P. Scott, Jr., W. G. Bearden and G. C. Howard, 
Stanolind Oil and Gas Co., Tulsa, Okla. 


lhis breakdown of rock 


formations as related to drilling, completing. and stimulating 


report concerns the rupture or 
production of wells and comprises data compiled from litera 
ture study, from tests conducted in bores drilled into surface 
outcrops of rock and into cores obtained from wells in various 
fields, and from records of treatments of oil and gas wells. 
The effects of variables, such as rate of pressure application. 
bores, viscosity of 


magnitude of confining around 


drilling or treating fluids, mechanical tensile strength of rock. 


pressure 
extent of fluid intrusion, presence of bedding planes. degree of 


saturation, and diameter of bore, were observed when cylinders 
of rock and wells were ruptured by internal pressure. The 
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results of tests indicate that the incidence of loss of circulation 
of drilling fluids is closely related to intrusion of fluids into 
rock, that hydraulic fracturing by intrusion of treating fluids 
is influenced by the viscosity and pumping rate of the drilling 
fluia* and the anomalies of the bores. and that the theories of 
elastic behavior of homogeneous, impermeable, isotropic mate 
rials are not applicable to rupture of rock by internal pressure 


204-G 
Flow Into Oil Wells Through Perforations 
Henry Meyer, United Gas Corp. 


In modern well completion, most wells are completed by 
perforating the casing. If this completion practice is good. the 
flow into the well from a given reservoir through these pet 
forations will be essentially equal to the flow into an uncased 
well. In order to prescribe an efficient completion practice, it 
is necessary to understand the fluid mechanics of flow through 
these restrictions. Previous attempts at an analytic solution 
of the problem have involved so many simplifying assumptions: 
that the results are quite specialized. Solutions by electrical 
suffer 
models and even more basically from the fact that the analogy 


analogy from the inherent nuisance of constructing 
between flow of an electric current through an electrolyte and 
fluid flow through a porous rock is not in all cases exact, This 
paper presents what is intended to be a more general solution 
of the problem of the effect of perforation on well production 
It is divided into two parts. In the first part different case- 
are considered in which the rock is completely filled 
one fluid, and for simplicity the liquid level in the well itself 


is taken to be above the top of the producing formation. The 


with 


second part of this paper is concerned with flow of the denser 
fluid when the porous rock contains two immiscible fluids and 
there is consequently an interface between them. The body 
of the report is essentially a collection and explanation of 
mathematical solutions for special cases. The mathematical 


details are relegated to appendices. 


207-G 


An Inhibited Mud for Drilling Water-Sensitive 
Pay Zones 


G. E. Hendrickson, Cities Service Oil Co. 


Description of a water-base mud suitable for drilling. com 
pleting. or working over water-sensitive pay sands is given 
This mud is inhibited by using salt. lime. and caustic soda so 
that its filtrate will not swell colloidal material with which it 
comes in contact within the pay sand. Conventional electric 
mud. 


log can be run in this 


208-G 


Fluid Mechanics of an Oil Well Drilling String 
William M. Koch, Reed Roller Bit Co. 


Although the use of the drilling fluid te control and condi 
tion the hole is well known, the advent of high jet velocities 
has brought purely hydraulic problems to attention. A hy 
draulic calculator was designed to provide quick answers to 
some of these problems. The surface equipment presents no 


new problems. However. the installation of a simple. direct 


September, 1952 


JOURNAL OF PETROLEUM TECHNOLOGY 


reading flowmeter would have practical utility on a rig. The 
calculated by the Hazen- 
Williams equation, although this assumes that the turbulent 
viscosity of the drilling fluid is the same as water. The tool 


energy losses in the drill stem are 


joint constrictions were considered to be roughness and the 
Hazen-Williams determined from 
published data on drill Tests of the 
drill bit nozzle showed the pressure loss to vary as the 1.95 


roughness coefficient was 


stem pressure losses. 


power of the flow and, inversely, as the 2.19 power of tie 


exit area. A good preduction nozzle design showed an efficiency 
of 70 per cent. To get the full benefit of high jet velocity. 
the flow pattern on the bottom of the hole should not have 
The flow to flush 


cuttings upon the return anrulus determines the energy dissi- 


any stagnation points minimum necessary 
pated in the entire system, The pressure losses in the return 
annulus are difficult to determine as they vary with the plastic 
properties of the drilling fluid. Fortunately, these losses are a 
minor part of the total loss and it is possible to use a rough 
estimate without too much error. In view of these assumptions, 
the overall accuracy of the hydraulic calculator is of interest. 
\ comparison of pressure drops calculated from field data 
and actual gage readings showed an average value of error 
of 4.6 per cent, a mean error of 0.5 per cent, and a maximum 
error of 15 per cent. This accuracy is sufficient to give useful 


answers 


209-G 


Use of Charcoal in Cement to Combat Effects of 
Contamination by Drilling Muds 


B. E. Morgan and G. K. Dumbauld, Humble Oil and 
Refining Co., Houston, Tex. 


Results of laboratory investigations of the effects of drillins 
muds on oil well cements are presented which show that rela- 
tively large quantities of untreated muds do not seriously 
interfere with the setting of cement slurries, but that relatively 
small quantities of treated muds seriously retard the setting 
of cement slurries. Laboratory results also indicate that the 
effects of 


counteracted by the addition 


treated muds can be 


Mf activated charcoal to cement- 


harmful contamination with 
Also described is the successful use of cement containing acti- 
vated charcoal for the placement of plugs in open hole after 


previous attempts with ordinary cement had been unsuccessful. 


211-G 


K-Ray Shadowgraph Studies of Areal Sweepout 
Efficiencies 


R. L. Slobod and B. H. Caudle, The Atlantic Refining Co., 
Dallas, Tex. 


In the 


of the recovery 


past. the main emphasis in attacking the problem 
of oil has been on the determination of fluid 
flow characteristics and residual oil saturation in the part of 
the reservoir which is contacted by a displacing phase. It is 
recognized that the determination of the fraction of the reser- 
secondary recovery operations is also of 


voir contacted in 


great predicting the ultimate recovery to be 


expected. A method is described in which radiographic tech- 


importance i 


niques are used to determine these areal sweepout factors for 
Data showing the relationship of 
permeability to 


any type of well spacing 


viscosity ratio and relative areal sweepoutl 


SECTION 1... & 

















® For more than 50 years after Drake’s discovery, drilling crews 
made their own determinations on production possibilities in drilled 
holes. The “smell test”... taking a whiff of cuttings, even tasting of 
them . . . was commonly resorted to. They made a lot of wells, too, but they also 
wasted fortunes on casing run in worthless holes. 
The JOHNSTON Drill Stem Tester took the guesswork out of such costly 
decisions in the late 1920's, resulting in one of the greatest economies 
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in drilling procedure in the history of oil. 
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eficiency are presented for the five spot and the direct lin 
drive well spacing patterns. Further applications of the method 
to studies of the displacement efficiency in the area contacted 


are mentioned. 


212-G 


Waterflooding in North Government Wells Field, 
Duval County, Texas 


D. M. Collingwood and R. J. Bethancourt, Sun Oi! Co., 
Dallas, Tex. 


The use of a pilot waterflood is very desirable where all o 
the pertinent data necessary to initiate a full-scale waterflood 
is not available. This paper attempts to take a specific case 


1s 
and show the step by step process of starting with a pilot 
waterflood and progressing to a full-scale flood as results are 


obtained. 


213-G 
Properties of Linear Water Floods 


L. A. Rapoport and W. J. Leas, The Carter Oi! Co 


\ detailed mathematical formulation of waterflood bela 
in linear, horizontal systems is presented. Capillary pressure 
differential 
derived. On the 


effects are evaluated. and equations accounti 


explicitly for these effects are basis of the 
developed theory. it is recognized that the flooding behavir 
is dependent on the length of the flooded system. On the other 
hand systems of different lengths will vield the same floodi: 
behavior when the parameters such as rate of injection, fluid 
viscosities, and interfacial tension are properly scaled. A seri« 
of precise flooding tests have been carried out and the pert 
nent features of the experimental procedure are describe 
The results are discussed and good agreement is found betwee 


theory and experiment. As a result of these findings a proc: 


dure is established for evaluating the behavior of field  flo« 
on the basis of tests performed with short core samples 


215-G 
Origin of the Electric Potential Observed in Wells 


W. M. McCardell, W. O. Winsaver and M. Williams, 
Humble Oil and Refining Co., Houston, Tex 


The mechanism by which an electrical potential differe: 
is developed between two salt solutions separated by shale 
shown to be a consequence of the electrical double laye: 
the shale surfaces. A mathematical derivation is presented 1 
show the dependence of the potential on the shale character 
tics and on the concentration of the salt solutions. The eq 
tions developed describe adequately tlfe potential-concentratior 
behavior of a long shale core. The equations also describe the 
variation of potential of sand-shale mixtures with variatior 
! tl 


clay content. lon adserption is an important factor in 


development of the surface charge on the shale. and electrical 


resistivity and ion transference number data are employed to 


estimate the increase of surface charge with concentration 
Since the potential is shown to be dependent on the char 


teristics of the particular system. water salinities estimated 


from the potential log by previously proposed methods may b« 
low in some cases. 
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216-G 
Resistivity Measurements on Small Core Samples by 
the Two-Electrode and Four-Electrode Methods 


Carl F. Rust, Magnolia Petroleum Co. 


that 
factor measurements and resistiv- 


Experimental evidence is presented showing repre- 
ducible formation resistivity 
ity index determinations on reservoir core samples may be 
made utilizing either the two-or four-electrode methods. Equip- 
ment is described which permits the application of either 
technique to the core specimen without loss of time and with 
a minimum amount of effort. Since electrical resistivity meas- 
urements on reservoir rocks are important not only in electric 
log interpretations, but also in the study of fundamental rock 
considered desirable to compare the 


parameters, it Was 


applicability of both techniques of resistivity measurement. 


217-G 
The MicroLaterolog 


H. G. Doll, Schlumberger Well Surveying Corp., 
Ridgefield, Conn. 


\ new electrical called 
described whereby the resistivity R., of the 
lose to the hole 
em of concentric cireular electrodes 


method MicroLaterolog. 


logging 
invaded zone 
is measured. This method 


wall of the bore 


sentially COM prise 1 SVs 
insulatis ppert which Is applied lo the wall 


jorne on an 
f the hole \ 


horizontally 


beam of current of very small diameter is fo- 


used into the formations by means of an auto- 
and then opens widely at short distance 
method. R often can be re- 
mud eake is very thick, in 


role of 


control device 
With this 


when the 


nati 
from the wali most 
corded directly except 
which Cart 1 «ft 
factor R 
of fluid 


llustrated with field exan ples 


rrection is easily provided, Phe basic 
in the quantitative analysis of electrical logs in term- 
Is explained. The paper is 


ituratior ind) porosity 


218-G 


A Laboratory Investigation of Oil Displacement from 
Porous Media by a Liquefied Petroleum Gas 


J. H. Henderson, Gulf Research and Development Co., 
Pittsburgh, Pa.; N. B. Gove, H. J. Ledbetter and J. D. 
Griffith, Gulf Oil Corp., Tulsa, Okla. 


The results of a series of laboratory flood tests using liquid 
iso-butane to displace refined oils from test cores are pre- 
sented and interpreted on an empirical basis, The study re 
vealed the similarity of the miscible liquid displacement to 
that of the mechanism. The 
the iso-butane flood markedly as the 
but the effect of injection rate on the 
primary production stage was negligible 


immiscible-fluid displacement 
efficiency of decreased 
oil viscosity increased 
effectiveness of the 
over the range investigated. The presence of free-gas satura- 
tion iso-butane breakthrough increased the volume 
of iso-butane required to recover a given percentage of the oil 
Injection of liquid iso-butane prior to water flood 


marked 


prior to 


present 


resulted in a improvement in oil recovery by the 


water flood 


SECTION 1 
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219-G 
Equilibrium Constants for a Gas-Condensate System 


A. E. Hoffman, J. S. Crump and C. R. Hocott, Humble 
Oil and Refining Co., Houston, Tex. 


The problem of unsteady-state flow through 


gas 


media leads to a second-order non-linear partial differentia! 


pore i 


equation for which no analytical solution has been found. I 
this paper a stable numerical procedure is developed for soly 
ing the equation for production ot gas at constant rate trot 
radial An electronic digital computer 


and systems. 


used to perform the numerical integration using an impli 


linear 


form of an approximating difference equation. Solutions 
presented in graphical form for 
less parameters. The solutions are compared with the labor 


various values of dimensio: 


tory study of gas depletion in a linear system. 


220-G 


Determination of Limestone Performance 
Characteristics by Model Flow Tests 


C. R. Stewart, F. F. Craig, Jr., and R. A. Morse, Stanolind 
Oil and Gas Co., Tulsa, Okla. 


This paper presents the results of a series of model flow 


tests on a number of large limestone cores. having differen! 
pore configurations. For limestone cores having substantial! 
sandstone type porosity, the production characteristics 

solution and external gas drives are similar. For cores whioss 
pore spaces were microscopically heterogeneous (i.e., cor 


sisted of combinations of solution cavities, matrix, and f 

sures). the production characteristics for solution and externa 
gas drives vary widely. The results of water floods, includi: 

the effect of free gas saturation and pressure differential, 
each of these two general types of limestone porosity are als« 
shown. Generalizations are made on the water flood recover 
that could be expected from each of these two types of lime 
stone porosity. The similarity between solution drive field pe 
formance and model solution drive performance on cores fro: 
the same field is shown for several cases. This indicates the 
feasibility of predetermining limestone field performance fror 
such large core tests. Photomis rographs of plastic-impregnate 

rock thin sections of the samples tested are presented as 


aid in understanding the flow test performances. 


221-G 


Calculation of Unsteady-State Gas Flow Through 
Porous Media 


G. H. Bruce, D. W. Peaceman, H. H. Rachford, Jr., 
Humble Oil and Refining Co., Houston, Tex., and J. D 
Rice, The Rice Institute, Houston, Tex. 


Planning of the efhcient operation of a gas-condensate resé 
voir requires a knowledge not only of the gross phase behay 
of the system but also of the equilibrium distribution of the 
various components between the gas and condensate phas« 
This equilibrium distribution can be calculated with appro 
this 
equilibrium constants determined experimentally for the oil 


priate equilibrium constants. In paper are presented 
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ind gas phases initially present in the Same reservoir and 
or the gas and condensate phases of the gas cap material at 
i series of pressures below the original reservoir pressure. 
\lso presented is a method for the correlation of experiment 
ily determined equilibrium constants and an example of the 
use of the correlation procedure in the adjustment of equi- 
librium constants for use on another similar gas-condensate 


system 


222-G 
Surface Area Measurements on Sedimentary Rocks 


C. S. Brooks and W. R. Purcell, Shell Oil Co., 
Houston, Tex. 


rocks 


known to influence in some degree the 


The internal surfaces of which are in contact with 


interstitial fluids are 
recovery of hydrocarbons from pay zones. Despite the admitted 
importance of the influence of solid surfaces on hydrocarbon 
little information is available concerning the extent 


rocks 


given of the apparatus and procedure employed in the deter- 


recovery 


of surface of reservoir In this paper a description is 


mination of the surface areas of sedimentary rocks, and values 
of sandstone and limestone cores. 
the Kozeny equation, 
© porosity and permeability. A 


ire reported for a variety 


In addition, consideration is given to 


which relates surface area 
omparison is made between the surface areas as calculated 
this and the 


prac ks of spheric al glass beads 


from equation geometrical areas of a series of 
Also, for a group of sandstone 
ores, Kozeny areas are compared with surface areas as deter- 
mined by the gas method this 


idsorption employed in 


investigation 


223-G 


Formation Factors of Unconsolidated Porous Media: 
Influence of Particle Shape and Effect of 
Cementation 


M. R. J. Wyllie and A. R. Gregory, Gulf Research and 
Development Co., Pittsburgh, Pa. 


rhe literature reveals that scant attention has been paid to 
the systematic experimental determination of the formation 
factors of unconsolidated porous media. No experiments ap- 
pear to have been made on the effect of increasing cementation 

the formation factor of an initially unconsolidated porous 
medium, Measurements have accordingly been made of forma- 
tion factor as a function of porosity for spheres in the porosity 
cylinders, dises and tri- 
30-45 per The 
results are examined in the light of the theoretical equation: 
of Clerk Maxwell 
-olidated 


cemented 


range 12-56 per cent and of cubes, 


ingular prisms over the porosity range cent. 


Fricke and Slawinski. Packings of uncon- 
and 


silica and the 


artificially 
formation factor-porosity rela- 
which seeks to 
explain the results obtained and which postulates that forma- 


spheres beach sands have been 
with 
outlined 


tionships determined. A theory is 


tion factor and porosity data for consolidated sandstones may 
be used to 
dated 
derived. It follows also that 
Co" where F is 


C and &k are 


determine the original porosity of the unconsoli- 


sands from which the consolidated sandstones were 


for consolidated sandstones F 
factor. @ 


formation fractional porosity and 


constants 


SECTION 1 








225-G 


Relative Permeability Calculations from Pore Size 
Distribution Data 


N. T. Burdine, Magnolia Petroleum Co. 


trom pore 


Formulas for calculating relative permeability 
size distribution data are derived from basic laws of fluid flow 
in porous media. The tortuosity factors that appear in the equa- 
tions are described in terms of the physical properties of the 
medium and the saturations of the contained fluids. Procedures 
for caleulating and methods for measuring the tortuosity fac 
tors are discussed. Values of relative permeability calculated 
by the formulas are compared with results obtained by experi 


mental measurements. 


227-G 


Theoretically Indicated Methods of Wetting-Liquid 
Relative Permeability Measurement 


William H. Hartwig, Assistant Professor of Electrical 
Engineering, The University of Texas, Austin, Tex. 


Methods of measuring wetting-liquid relative permeability 
by the Hassler scheme are characterized by the long time 
required to reach equilibrium. This long time is necessary 
because of the exponential rise of the 
\ssuming the electrical analog of Hassler to be valid. it ean 
level can be 


manometer column 


be shown that the final value of the manometer 
caleulated. Of even more importance, however, is the presenta- 
tion of a theoretical scheme for making the measurement 
independent of time. The proposed method. called the “Com 
modifies the Hassler using two 


One 


parison” method, scheme by 
manometer is connected as 


a “standard” core sample 


manometers instead of one. 
usual; the other is connected across 
and is in series with the first. The equations of the system show 
the resistance of the unknown sample and the resistance of 
in the same ratio as the ratio of the manom 
after the The 
met is that the both 
In examining the consequences of 


it is found that the error reduces 


the standard are 


eter readings at any time pressure is applied. 


only condition to be Time-Constant of 


manometers be the same 
in error in this requirement 
slowly to zero as time passes and that the maximum error is 


equal to the error in the equality 


228-G 


Spraberry Permeability from Build-up Curve 
Analyses 


A. B. Dyes and O. C. Johnston, The Atlantic Refining 
Co., Dallas, Tex 


This paper shows the application of a method for analyzing 


pressure build-up curve to determine the effective permeability 
in the Spraberry. Sixteen Upper Spraberry wells of the Drive 
area are analyzed and show variations in the in-place effectiy 
permeability of 2 to 183 md. Since these values are much larger 
than the .5 md, or less reported for the matrix rock, a larg 
part of the fractures neted in Spraberry cores must be con 


the well 


eflectiveness of the 
to the 
mparison of the effective per 


sidered native to the formation 


fracture treatment in connecting bore native 


fracture system is analyzed by co 
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obtained 
build-up curve. that the 
effective in connecting the well to 


that 


results show 


meability letermined from the PI test to 


from a@ pressure These 
treatment ts 
tem well enougl to vield a flow capacity 
that dictated by the 
the show 


well fracture 


the native tracture Vs 


within about ) per cent of native 


\bout 
wkage 


fracture two-thirds of wells some 


local 


degree of 


229-G 


Application of the Material Balance Equation to a 
Partial Water Drive Reservoir 


A. F. van Everdingen, E. H. Timmerman and J. J. 
McMahon, Shell Oil Co., Houston, Tex. 


a method which combines the material 
the influx equation to obtain 
active oil originally in place and a 

quantitative the cumulative influx. The 


method is illustrated by an application to a reservoir without 


contains 


I he paper 


with water 


balance equation 


reliable values for the 


evaluation of water 
original gas cap. In the absence of an original gas cap, results 
may be obtained using only field production and pressure data. 
PVT 


inalyses, and a minimum of subsurface information, 


230-G 


Water Input Profile Determinations on Injection 
Wells in Secondary Recovery Fields 


Bliss Adamson, Halliburton Oil Well Cementing Co. 


The knowledge of the distribution of input water in injec- 
tion wells is important to the success of water flood secondary 

The presence of thief formations, the lack 
history, and improper completion methods 
diverting the flood water from the producing 
use of known tools and procedures, in- 
The interface velocity procedure 


logs give satisfactory 


recovery projects 


ot complete well 
all contribute to 
Phrough the 


put profiles can be obtained 


horizon 
caliper ind correlation 
input profiles. These provide the data to detect the presence 
of the undesirable conditions and for the method of correction. 
onditions the correlation between input profile 


coupled with 


Under normal « 
data and permeability data from cores is good. 


231-G 
Permanent-Type Well Completion 


T. A. Huber and G. H. Tausch, Humble Oil and 
Refining Co. 


Very progress has been made in the develop- 
of the permanent-type well completion which decreases 
cost of completions and workovers and aids 


of reliable reservoir information at low cost. 


encouraging 
ment 
considerably the 


in the acquisition 


ind remedial operations are performed with tools 
which through the well tubing. Perforating and plug- 
back operations can be done with the tubing in place and do 
pipe the many 
ifforded by work i> 
in anticipation of ultimately being able to use 
il well completion and workover opera- 
being directed to the development of a 


of lift equipment suitable for use with 


Completion 
pass 
equipment. Because of 
method, development 


net require handling 
idvantages this 
forward 


t to perform all usu 
Effort i 


tions ilso 


nore 


tv pe 


ype well completion 
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232-G 


Bubble Formation in Supersaturated Hydrocarbon 
Mixtures 


Harvey T. Kennedy, Texas A&M College, and Charles R. 
Olson, Ohio Oil Co., Shreveport, La. 


In many investigations of the performance of petroleum 
reservoirs the assumption is made that the liquid, if below it 
bubble-point pressure, is at all times in equilibrium with ga- 
On the other 
have indicated that gas-liquid systems including hydrocarbon 
systems, may exhibit supersaturation to the extent of many 
hundred pounds per square inch in the laboratory. Up to the 
present, there has been no reliable data on which to judge 
the actual extent of supersaturation under conditions approach 
ing those existing in petroleum reservoirs. The work reported 
here deals with observations and measurements on mixtures 
of methane and kerosene in the presence of silica and calcite 
crystals. Bubbles were observed to form on crystal-hydrocarbon 
surfaces in preference to the glass-hydrocarbon interface o1 
to the body of the liquid. Statistically, it was found that the 
number of bubbles formed per second per square centimetet 
of crystal surface was a function of the supersaturation only 
and the function was evaluated graphically. Supersaturations 
were observed up to 770 psi, under which condition bubbles 
formed quickly and with considerable violence. With decreas 
ing degrees of supersaturation, the frequency of bubble for 
mation became less, until at 30 psi supersaturation and lower 
no bubbles were observed to form, even though the observation 
at 30 psi was continued for 138 hours. It was found that 
silica and calcite crystals had identical effects. within experi 
mental error, in accelerating the formation of bubbles, and 
that small amounts of water and crude oil had no effect on 


hand, observations by numerous investigator 


the results. 


233-G 
Pressure Gradients in Natural Gas Reservoirs 


David Cornell, University of Texas, Austin, Tex., and 
Donald L. Katz, University of Michigan, Ann Arbor, 
Mich. 

Procedures for computing turbulent flow of gas in steady 
state near the well bore and a graphical method for predicting 
unsteady state laminar flow at distances from the well have 
been combined to compute pressure gradients in gas reservoirs 
Methods are discussed for predicting single and multiple tran 
sients at constant flow rate in an infinite reservoir, predicting 
constant flow rates in a finite reservoir, reproducing and inter 
preting back pressure test data, and prediction of the behavior 
of a closed-in gas well. An example of the graphical method is 
given for a single transient and the results are compared to 
a published analytical solution. A typical calculation of the 
pressure gradient in a reservoir and the production of ga- 

is made starting with data from a back pressure test. 


234-G 
A Method of Perforating Casing Below Tubing 


M. P. Lebourg and G. R. Hodgson, Schlumberger Well 
Surveying Corp. 

The introduction in the field of a new type well completion 
called for the setting of the tubing open-ended in the well 
before perforating the casing. This paper will describe a new 
perforating tool of the shaped charge expendable type. small 
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enough to pass through tubing and powerful enough to per- 
The perforations are produced at an angle 
Performance 
various well conditions will 


forate the casing 
ind are large enough for optimum preduction 
of this tool in targets and under 
he described. Very often no lifting equipment will be avail 
thle at the well. In will exist in the 
well at the time of the perforating operation (workover wells 
therefore, new equipment and 


some Cises, pressure 
or multiple trip perforation) ; 
new technique for the perforating operation had to be devised. 
Phis paper will describe this equipment and technique, par- 
ticularly casing collar recording, sheave support, and cable 
pull-down device, this last item being necessary for wells 
under pressure. Results obtained with this tool in the field will 


be given 


236-G 


Educating Laymen in Oil Production 


Jack Tarner, Phillips Petroleum Co. 


The oil industry often finds itself in the position of not 
being able to apply improved production techniques because 
laymen who are not familiar with oil production operations, 
have appeared in opposition to legislation or regulation foster- 
ing the adoption of produc tion methods designed to economi- 
cally increase the amount of oil produced from the pool. The 
vetroleum technologist, having developed improved production 
techniques, must now accept the added responsibility of bring- 
ing to the public the understanding that is necessary for 
general adoption of those techniques. otherwise the techno- 
logical improvement will fall short of its goal. An educational 
program successfully presented to many groups consists of 
demonstrating the production of oil by use of a plastic working 
model of the subsurface reservoir and presenting a simple 
explanation of the fact that oil is found in a rock; it does not 
produce itself but can be produced by the action of gas or 


water under pressure 


237-G 
The Professional Status of the Petroleum Engineer 
M. L. Haider, Standard Oil Co. (N.J.) 


An abstract of this paper was unavailable at the time this 
issue will in the formal 
program of events which will be distributed at the meeting. 


went to press. An anstract appear 


238-G 


The Pressure Performance of Five Fields Completed 
in a Common Aquifer 


W. D. Moore and L. G. Truby, Jr., Humble Oil and 
Refining Co. 


This paper presents the results obtained after calculating 
matches of the observed pressure performance of five fields 
\ general description of the 
Central Basin Platform area in West Texas in which the five 


fields, Andector Martin. TXL. and Wheeler. 


located is contained in the paper. The method of utilizing 


completed in a common aquifer 


Embar are 


the electric analyzer to calculate simultaneously matches of 


the observed pressure performance of the five fields is outlined. 
The determination of boundaries of pressure communication 
is discussed and the extent of pressure interference between 
fields consistent with the configuration of the area aquifer 


shown graphically 
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Back pressure 
valve connected 
to top plug. 


Top plug rides 
cement column 
down the casing 


Plug bor releases 
bottom plug with- 
out shutting down 
or opening head 


Bottom plug leads 
cement column 
end wipes casing 
cleon of mud 





Trip boll that 
ejects float os- 
sembly in shoe 
to provide full 
casing-bore 
discharge 











Boll dropper re 
leases trip ball 
without opening 
head 








RECTOR tarps METHO 


Prevents Contamination of Cement 


Hundreds of master cementing jobs by the Rector Fulbore Method prove 


the efficiency of its two plug method and the importance of its other 
exclusive features which are the basis of successful and satisfactory 
cementing jobs everytime. Ask your Rector Representative or authorized 
supply store for the complete story about better cementing with the 
Rector Fulbore Method. 


PROTECTS AGAINST CONTAMINATION 


The cement is completely and effectively seg- 
regated from well fluids by two closely fit- 
ting plugs which are positively and simply 
released at the proper time by mechanical 
means from outside the cementing head. 


FULL CASING DISCHARGE 


Float assembly is pressure-ejected from the 
float shoe by the trip ball after casing string 
has been floated to position. This unrestricted 
opening reduces the load on the pumps .. . 
circulates greater volume with same pump 
pressure and results in higher velocity in 
space between casing and bottom of hole. 





CLOSED CIRCUIT 


Cementing head is never opened from the 
time cementing operations begin until they 
ore pleted. It is impossible for air pockets 
to form in either the mud or cement column. 





POSITIVE FLOW-BACK 


When the back pressure valve, which hos 
traveled down with the top plug, latches in 
the stall collar, it positively prevents flow- 
back of cement. Operator may bleed the 
pressure back to zero and leave the well 
open or close it in at final running pressure. 

















Billion dollar 


blowout 


It happened at Hull, Texas, in 1922. 

A young contractor by the name of 
lim Abercrombie was re-working a well 
when it blew out and caught fire. As he 
watched his hard-won equipment being 
destroyed, he resolv ed to do something 
ibout this menace that had begun to stalk 
the struggling young oil industry 

Soon, from his newly acquired “repair shop” 
. Cameron lron Works . . . came the 

first crude model of a ram-type 

blowout preventer. This was the grand- 
jaddy of the now famous pressure-operated 
Cameron Blowout Preventers which have 
become a byword in the oil fields. 

Their savings to the industry already 
inestimable . . . perhaps a billion dollars 
or more... considering the valuable 
reservoir pressures, costly well bores and 
machinery and the conservation of 
tremendous quantities of oil and gas. 

So, an event which might have passed as 
just another blowout in the roaring 
twenties actually sparked the development 
of the Cameron line of drilling and 
completion control equipment that 

is now regarded as the standard of 
comparison the world over. 


Export 


7912 Empire State Bldg., New York, N. Y 








The Dia-Log Free 
Point Indicator in- 
dicates electron- 
ically the deepest 
point to which both 
torque and stretch 
can be applied in a 
string of stuck oi well pipe. 
Both torque and. stretch read- 
ings are essential since left- 
hand torque is always used in 
subsequent back-off _ recovery 
operations. 


After the exact loca- 
tion of the stuck 
point has been es- 
tablished, the same 
electric conductor 
cable, used for the 
Frée -Point Indica- 
tor, is employed.to-run a string 
shot back-off to the desired 
depth. Upon-detonation, the 
string shot délivers a sharp jar 
to iniriate the unscrewing of 
the desired joint. 





THE DIA-LOG COMPANY 
P.O. Box 14103 Houston, Texas 
ssa, Texas New Iberia, La 
Great Bend, Kan Snyder, Texas Houma, La 
El Dorado, Ark Lubbock, Texas Corpus Christi, Texas 
Oklahoma City, Okla Farmington, N.M Natchez, Miss 


Kilgore, Texas De 


In California and Rocky Mountains 


THE FORD ALEXANDER CORPORATION 


P. O. Box 800 Whittier, California 
Ventura, Calif. ¢ Taft, Calif. 





74 sizes of X-Beans 


up to ’2 inch 


Because UNIBOLT X-Beans are drilled in increments of 
5 per cent and 10 per cent of well flow rather than in 
increments of 1/64-inch in orifice size, the flow of fluid or 
gas from a well can now be positively controlled with a 
degree of accuracy never before attained. Say, for example, 
a well produces 100 bbls. through a 1/64-inch choke. To 
increase the choke to the next largest fractionally drilled 


size, 2/64-inch, would increase the production to 





PP 
mately 400 bbis. On the other hand, a well that produces 
100 bbls. through a size X-35 UNIBOLT X-Bean would 
produce only 105 bbls. through the next largest size X-Bean, 
X-35.5; 110 bbls. through an X-36, and so on. Here is 
positive protection against harmful over-producing a well 
in order to make its allowable, as is sometimes done 


through an adjustable choke. 
UNIBOLT X-Beans are available in economical, renew- 
°o n | y U | l B °o LT c h ° "4 e able inserts in sizes up to X-40.5 (13/64-inch). Larger beans 

ms d - | are standard full 6-inch length, drilled full length. 
ni es 

bodies an cage ad UNIBOLT Positive Choke Bodies and Cage Nipples 
accommodate either X-Beans or regular beans, and the 
accommodate = Positive Choke Body may be easily converted to a Wing 


Valve or Adjustable Choke. 





Fall Meeting Officers 


On this page are pictured the men 

heading the committees responsible for 

the great amount of spadework re 

quired for the successful planning and 

execution of a Petroleum Branch. 

AIME, Fall Meeting. These men of the 

Gulf Coast Section (exception: Gen- 

eral Chairman W. S. Morris of the East 

Texas Section) deserve plaudits for 

their successful handling of the multi- 

plicity of problems connected with the 

staging of a technical meeting 

general meeting arrangements, regis 

tration of those attending. entertain 

ment, hotel accommodations, publicity 

ladies activities. A half year’s work has 

been expended for this three-day 

meeting. 

GEORGE R. GRAY W. S. MORRIS 
Baroid Sales Division East Texas Salt Water Disposal Co. 
Chairman, Gulf Coast Section General Chairman 


R. M. RUTLEDGE 
Lane-Wells Co. 
Sec.-Treas., Gulf Coast Section 
(Picture not available) 


H. A. OTTO J. E. KASTROP K. B. FORD 
World Oil J. R. Butler & Co. 


Publicity Entertainment 


F. S. REYNOLDS 
Humble Oil & Ref. Co. Tennessee Gas Trans. Co. 


Meeting Arrangements Registration 


MRS. A. S. PARKS -R. M. DARLING R. C. CRAZE A. B. STEVENS 
Ladies Activities Stanolind Oil & Gas Co. Humble Oil & Ref. Co. A&M College 
Committee Hotel Accommodations Vice-Chair., Gulf Coast Sec. Vice-Chair., Gulf Coast Sec. 
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J. H. ABERNATHY 
Vice-Chair., Drilling 


Branch Committees 
Form Up Program 


Pictured above are the men respon- 
sible for the gathering of the technical 
papers which will be presented at the 
Annual Mid-Continent Fall Meeting of | 
the Petroleum Branch, AIME, in Hous- | 
ton’s Rice Hotel, Oct. 1-3. 

These are members of the important 
Technology Committee. The Economics 
Committee, which arranged papers for 
the economics and management session 
on Friday morning, Oct. 3, is made up 
of Kenneth E. Hill, Chase National 
Bank, chairman; W. B. Barbour, Sec- 
ond National Bank of Houston; and 
L. E. Porter, Richfield Oil Corp. 

The program of some 42 papers will 
be presented in 10 morning and after- 
noon sessions during the three-day 
meeting of the nation’s leading petro- 
leum engineers, petroleum geologist< 
and executives. Some 1,200 members of 
the Petroleum Branch and their guests 
are expected to attend the 1952 Fall 
Meeting. 

Beginning on page 39 are abstracts 
of all papers which will be given dur-' 
ing the meeting. Included are names 


and company affiliations of the various! } 


authors. The “G” numbers appearing 
directly above each title also appear 
on the program on pages 35 and 36 
and indicate the positions of the papers | 
on the program and in what session | 
they will appear. In that way, those 
attending the meeting may decide which 
papers they wish to hear presented and 
which sessions, where two run concur- 
rently, they wish to attend. 

The men responsible for the selection 
of the fine program this year are Doug- 
las Ragland, Humble Oil and Refining | 
Co., chairman; J. H. Abernathy, Big 
Chief Drilling Co.. vice-chairman for 
drilling; E. P. Hayes. The Texas Co., 
vice-chairman for production; W. H. 
Justice, La Gloria Corp., vice-chairman 
for gas; and Milton E. Loy, Schlum- 
berger Well Surveying Corp.. vice- 
chairman for California. s & 9 
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E. P. HAYES 
Vice-Chair., Production 
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MILTON E. LOY 
Vice-Chair., California 


W. H. JUSTICE 
Vice-Chair., Gas 


DOUGLAS RAGLAND 


Chairman 
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HOUSTON-Refining and Transportation Center 


By T. E. Swigert 
President, Shell Pipe Line Corp. 


66 O great commercial production of oil will ever be 

N secured from the State of Texas.” 

This conclusion, voiced just a little over 50 years ago by 
“experts” of the relatively young oil industry, was shattered 
by the roar of the Lucas gusher at Spindletop in January of 
1901. Since that time, Texas has become the greatest oil pro 
ducing area the world has ever known. 

The state today has over 130,000 oil wells which produce 
about three million bbl of oil daily, a figure representing 40 
per cent of total U. S. and 25 per cent of total world petro 
leum production. 

The nerve-center of this sprawling industry is the city of 
Houston, a bustling metropolis of 685,000 situated 50 mile; 
inland from the Gulf of Mexico. While the immediate Houston 
area has had its share of oil production — there are still pro 
ducing wells within the city limits —two other phases of the 
industry, transportation and refining, have given the city its 
major claim to the title of oil capital of the state — if not of 
the world. 

In an L-shaped area extending eastward down the Houston 
Ship Channel and southward to Texas City is located one of 
the greatest concentrations of refining facilities in the world 
11 refineries which process one-eighth of the nation’s crude 
and turn out one-eighth of its supply of refined petroleum 
products. And surrounding the city like a steel cobweb is a 
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vast network of pipe lines bringing crude into the area to be 
refined or transhipped and taking refined products out. 

A fortunate combination of factors is responsible for Hous- 
refining and transportation 
center it is today. The most obvious is the city’s close geo- 


ton’s becoming the petroleum 
graphical relationship to the vast oil producing areas of the 
Southwest, which account for almost 60 per cent of the nation’s 
crude oil supply. Lying 50 miles inland, yet a deepwater port. 
Houston is a logical point for the meeting of the great pipe 
line system with the world’s ocean sl ipping routes and espe- 
cially those to the East Coast of the United States. Also, 
available to Houston’s plants is an abundance of cheap, effi- 
cient fuel — natural gas from the nearby Gulf Coast oil and 
gas fields. 

Crude Supplies and Pipe Line Transportation 

For a closer examination of Houston’s complexed oil activi- 
ties, begin at the sources of oil supply and examine the system 
of pipe lines which bring the crude into the Houston area 
from the hundreds of oil fields in the Southwest. 

On a typical day a total of 900,000 bbl of crude oil arrives 
in this area. Roughly 30 per cent is from Gulf Coast fields 
and another 30 per cent originates in West Texas and New 
Mexico. The remaining 40 per cent comes from various areas 


such as South Texas. nine per cent; East and East Central 


SScnonw 1... 





Ever mindful of the increasing demand for petroleum prod- 
ucts, pipe line companies are constantly increasing the capaci- 
ties of these pipe lines and are building new lines to the 
prolific oil producing areas. The latest of these is the 24-in. 
(diameter) Rancho Pipe Line System which is jointly owned 
by seven pipe line companies and is now under construction. 
It will bring in initially 200,000 B/D of crude oil from the 
fields of West Texas and New Mexico to feed the thirsty 
refineries of the Houston area. 


Refineries 


\s indicated earlier, Houston is perhaps the world’s greatest 
refining center. The accompanying map and chart shows 
locations, capacities and types of refineries in the Houston 
area and a typical flow diagram of one of the largest of these 
refineries. At least three of these plants are complete refin- 
eries capable of manufacturing almost every type and quality 
of petroleum product; the others have a lesser number of 
processing units and are somewhat more limited in the diver- 
sity of their refined oil output. 

The kind and quality of the products which these refineries 
manufacture are ever changing. Refiners fit their operations 
to the demands of the consuming public as well as the require- 

BIG INCH PIPE LINES like this link Texas’ many oil fiields '™€""S for national defense. For example, a relatively new but 
to Houston’s refineries. i important product now being manufactured in undisclosed 
amounts is jet aircraft fuel. Then, too, the refineries change 
Texas, 18 per cent: Panhandle and North Texas. eight pet their production seasonally to provide the increased quantity 
cent; and Louisiana, five per cent of gasoline needed for summer vacation time, and the increased 
Of the 900,000 bbl of crude delivered to Houston daily, "equirements for heating oil in the winter. Typically, however. 
about 15 per cent comes in by barge, tanker. or railroad tank the refineries in the Houston area produce the following 
car. The remaining 85 per cent comes in through a system of — products: 
pipe lines which reach into the various oil producing areas 
of the state (see map) and provide a constant flow of oil — 
from thousands of individual wells to central pipe line pump oe } of gasoline 
The 60,000 of kerosene and jet fuel 
160,000 of distillate fuel oil 
180,000 of residual fuel oil 
25.000 of lubricating oil 
Company Bbl Daily Source of Crude 50.000 of asphalt 
Humble 95,000 Panhendle and West Central Texas 10.000 of coke 
M600 sk 0.000 B/D af eter product 
Pan American 45,000 Gulf Coast 
40,000 East and East Central Texas 820.000 B/D Total 
Service 40,000 West Central Texas 
Sinclair 75,000 West Central Texas 
Shell oo — ~~ cease Among the “other products” manufactured are numerous 
13,000 Gulf Coast items including naphthas for paint. lighter fluid, sulphur, 
46,000 We-t Texas fluids and materials used by the chemical industries to make 
lexas 25,000 Gulf Coast 
Texas-New Mexico 67,000 West Texas-New Mexico 


stations, thence to the great Houston refining center. 
principal pipe lines serving this area and their typical daily 
pumping rates are as follows: 


such things as synthetic rubber, plastics, fertilizer. insect 
sprays. and even medicines 
Potal 762,000 The total value of these refined products coming from the 


Houston Area Refineries 
(Capacity, B/D) 


Crude-Oil Thermal! Catalytic 
Company and Typ« Charge Cracking Capacity Cracking Capacity Type Refinery 


Crown Central Pet. Corp 25.000 9.200 17.500 Skimming-Cracking-I ule 
Eastern States Pet. Co.. Ine 18,000 22.000 23,500 Skimming-Cracking 
Eddy Refining Co 2.500 Skimming 

Humble Oil and Refining Co 286,000 79,000 101,000 ( omplete 

Maritime Oil Co 5.000 Skimming 

Pan American Refining Co 130,000 6.500 32.000 Skimming-Cracking 
Petrol Refining, Inc 60,000 11,000 Skimming-Cracking 
Republic Oil Refining Co 40,000 10,000 15.000 Skimming-Cracking 
Shell Oil Co 115,000 16,000 33.500 Complete 

Sid Richardson Refining Co 25.000 20,000 Skimming-Cracking 
Sinclair Refining Co 90.000 30,000 » OOO ( omplete 
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Houston - Texas City Refineries and Feeding Pipe Lines 


immediate Houston area has been placed at $2.665.000 per 
day or almost one billion dollars per year. 
Products Distribution 

About 93,000 B/D of the area’s refined products move out 
by products pipe line. The Bayou Pipe line System takes 
50,000 bbl eastward to Baton Rouge. La., where it joins the 
Plantation Pipe Line to supply the southeastern states. Two 
other products lines transport 43.000 bbl northward to the 
populous Dallas-Fort Worth area. 

But by far the Gulf Coast's largest customer is the eastern 
states. While the population of the New. England, Middle 
Atlantic and South Atlantic states represents 40 per cent of 
the nation’s total, the oil refining capacity of those same se« 
tions amounts to only 16 per cent of the United States’ total 
It is obvious, then, that this region must import from other 
sections a large percentage of its refined petroleum products 
And the area best situated, both geographically and economi 
cally, to provide these products is the Gulf Coast, with its 
large percentage of refining facilities (32 per cent of the 
nation’s total) and its smaller population, 

At present, the Bayou pipeline and the connecting Planta 
tion pipeline provide the only through transportation of 
products to the Eastern states directly from the Gulf Coast 
and the latter extends only as far northeastward as Greens 
boro, N. C. Of necessity, then, the burden of transporting the 
major portion of the Gulf Coast’s products falls to ocean 
going tankers and barges, just as the job of gathering crude 
oil has fallen mainly to the pipe lines. 
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rhe following table which lists approximate amounts and 
destinations of refined products moving out of the Houston 
area during recent months gives an indication of the scope 
of the waterborne traffic and makes it apparent that the East 
Coast receives a very large percentage of all petroleum prod- 
ucts exported from the Gulf Coast refining centers: 

East Coast 463.000 B/D 
Gulf Coast 88.000 B/D 
Pacific Coast 4.000 B/D 
Foreign 85,000 B/D 
Internal 70,000 B/D 

The “internal” movement of products consists mainly of 
trafic by barges up the Mississippi river and other inland 
waterways; any movement to the Pacific Coast is an unusual 
occurrence occasioned by an exceptional demand on the West 
Coast. 

There seems to be no end in sight to this orderly growth 
of prosperity of Houston and the Texas Gulf Coast. Each year 
brings the discovery of larger and larger reserves of crude oil 
in the Southwest. More and more automobiles are rolling on 
the nation’s highways. And more and more homes are being 
constructed which require heating fuels. Petro-chemical plants 
utilizing refinery “waste products” as raw materials, are 
springing up throughout the area, bringing. in turn, more 
workers and payrolls. 

Houston calls herself “America’s Industrial Frontier” and 
this frontier is being broadened daily by the men of the indus- 


try whose energy indeed moves a nation. 
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Houston Processing Facilities 


Processing and refinery 
Houston making it one of the important centers of such activ- 
ity in the United States. At upper left is a view of Humble’s 
Baytown refinery which processes an average of some 250.000 
B/D. At left is the Clear Lake Gas Plant which processes 
asinghead and gas well gas. At bottom left is the Turning 
Basin yuston’s ship channel. Above is the Katy Cycling 
plant w is Shell Oil Co.’s newest catalytic cracking 

Houston refinery. High as a 16-story building. 
acker processes 22,000 B/D of petroleum prod- 


tion and automotive gasolines, fuel oils and 


layouts dot the area surrounding 


unit at t 
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HOUSTON OIL FIELD MATERIAL CO., Inc. > 


4+HOUSTON  — 


MANUFACTURING AND SERVICE 
DIVISION 
2101 South Wayside Drive 


HOMCQO Manutacturing Division 
consists of the Manufacturing Depart 
ment and the Service and Rental De 
partment. The Manufacturing Depart 
ment makes many oil field tools for 
outright sale through the HOMCO 
Sales Division. The Service and Rental 
Department offers technical trouble 
shooting service to drilling operators 

cutting and fishing operations, 

t ling, pressure welding, 


ing, and well surveving 


GENERAL OFFICE AND SALES 
DIVISION 
1534 Maury St. 


This is the hub of activitv for all of 
HOMCO’'s outpost stores and sales 
it HOMCO Supply Stores offer 
dustry’s most complete stocks 
ld supplies in 16 locations in the 


t 


MUD AND CHEMICAL DIVISION 
300 South Wayside Drive 


HOMCO offers the most complete 
stocks of drilli 
in the industry. Products of all lead 
mud and chemical producers are 
> uding Arizona Barite Co., 
HOMCO subsidiary 


yr muds and chemicals 
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Service that assures satisfaction... 


Instrument accuracy that’s dependable 


WHEN YOU RENT a Sperry-Sun instru- 


ment, whether it is a Syfo Clinograph, 


E-C Inclinometer, Single Shot or Non- 


Magnetic Drill Collar — or call for a 
Surwel Multishot Survey — or submit 
a core for orientation—you get service. 
We make frequent calls to check each 
rental instrument to assure you that it 
is in working order. Business worth 
getting is worth keeping. 


SURWEL SERVICE e 


Accuracy and dependability are 
assured by the exclusive design and 
precision manufacture of these instru- 
ments. If you’re not acquainted with 
these points of superiority, ask the 
Sperry-Sun representative about them 
the next time he’s around. 


For Accuracy and Service with 
Speed, call us. 
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SINGLE SHOT ¢ NON-MAGNETIC DRILL COLLAR e TELEFLOODMETER 
@ POLAR CORE ORIENTATION e JOHNSTON ELEVATION METER 


SPERRY-SUN WELL SURVEYING COMPANY 


3118 BLODGETT AVENUE HOUSTON, TEXAS 


Philadelphia, Pa. Falfurrias, Odessa, Marshall, Texas Long Beach, Ventura, Bakersfield, Calif. 
Oklahoma City, Okla. Lafayette, Lo. Moulden Oil Field Services, Casper, Wyo. Crossville, Illinois 





HOUSTON — A Leader in Petroleum Research 


By C. H. Fay 
Shell Oil Co. Research Laboratory 


that the oil industry has become a leader in industrial research, 


FYNHE philosophy of industrial research is very like the 
although the aptness of the cited analogy is challenged by the 


philosophy of petroleum exploration, which has been sum- 


yaradoxical statement that oil is historical fact that marketing problems led to refining research 
i g | g 


marized by the seemingly 


by drilling dry holes. It is not surprising, then. and development long before exploration methods began to 


discovered 
acquire their present sophistication. 

Houston, as one of the petroleum capitals of the world, is 
no laggard in petroleum research. Three integrated companies 

Humble Oil and Refining Co., Shell Oil Co., and The Texas 
Co conduct the major part of their exploration and produc- 
tion research activities here. The research laboratories of 
Hughes Tool Co. and Reed Roller Bit Co. have contributed 
much to the technical progress that has made possible today’s 
deep drilling. Progress in drilling mud technology will benefit 
from the improved research facilities incorporated in Baroid’s 
new national headquarters here. Refining problems are not 
neglected in the area. Humble, at its nearby Baytown refinery, 
and Shell, at Deer Park, maintain extensive refinery research 
laboratories. A noteworthy feature at Baytown is the provision 


of higher education on the job via the Humble Lectures in 


Pictured on this and the following pages are examples 
of research facilities of the petroleum industry in Hous- 
ton. At top is a view of The Texas Co. geophysical lab- 
at left is Shell Oil Co.'s exploration and 
production research facilities. At upper right, next page, 
ire multiple filter presses for testing drilling fluids at 
Baroid Sales Division, National Lead Co. At lower right 
is an architect's sketch of Humble Oil and Refining Co.’s 


oratory and 


1 
new research building 
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Science, which have enlisted the services of many distinguished 
university scientists. 

Houston has long been a leader in geophysical instrument 
development. The first really successful gravity meter is gen 
erally considered to be that developed in the early thirties at 
Humble by O. H. Truman. One of the most highly regarded 
modern meters, the Worden Meter, a modified one of which 
was successfully used by G. P. Woollard to tie together various 
primary gravity base stations around the world, was developed 
and is manufactured in Houston. A number of seismograph 
contractors and instrument manufacturers operate laboratories 
for the development of seismic instruments and field techniques 

Members of the professional staffs of the larger Houston 
laboratories are drawn from a wide variety of fields. To clas 
sify them broadly as chemists, geologists, physicists, engineers 
mathematicians, metallurgists and 
create an already imposing list, which might be made more 
formidable by subclassification into specialties. Some of these 
men are inclined by taste and temperature to delve even deeper 
in a narrow field, thereby becoming authorities in their chosen 
others, as their counterparts in the smaller labora 
tories must necessarily do, prefer to range over a wide variety 


yes, biologists is to 


specialty ; 


of problems, sharpening a new set of intellectual tools as 
required. These groups have been described by a cynic before 
the first learns more and more about less and less, the second 
less and less about more and more. The less cynical recognize 
that both groups have made significant contributions to petro 
leum science. 
Houston research staffs have long included a number 
prolific inventors. For example, a glance at the patent abstract 
index, 1939-47, published as part of the 1948 cumulative index 
of Geophysics, shows 30 entires for D. G. C. Hare. the result 
of his four years at The Texas Co. laboratories, 28 entires for 
L. W. Blau of Humble, and 26 for L. 
an independent geochemical research laboratory. 

The readers of PeTroLeum TECHNOLOGY are of course pr 
cipally (and, for that matter. 
familiar with) Houston's research contributions to productior 
engineering. The AIME Leverett, then 
Humble, et a/., concerning capillary pressure. oil and wate: 
relative permeability, and displacement theory are still of 
sufficient importance to be cited with almost monotonous re¢ 
larity by later contributors in these fields. The prediction 


Horvitz, operator © 


interest in largely alread 


early papers of 


invasion patterns in cycling has been facilitated by the use 
of the potentiometric model developed by Alexander Wolf 
then of The Texas Co., later automatized by B. D. Lee of that 
laboratory. The mercury injection capillary pressure techniqué 
introduced by W. R. Purcell of Shell's Evploration and Pro 
duction Research Laboratory. has proved a valuable tool for 
the estimation of permeabilities from measurements on cut 
The first commercially available simultaneous gamma 


Houstor 


tings. 
ray and neutron logging tool was developed by 
Perforating Guns Atlas Corp. 
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What of the Houston 7 


Recent and current expansion in research facilities is impres 


future for petroleum research in 
sive. Shell’s exploration and production research plant was 


augmented this year by the completion of a high pressure 


laboratory building. A new show place among Houston lab 
oratories is destined to be the one currently under construction 
for Humble. It will provide improved facilities for geological 
geophysical, and production research, and also for certain rou 
tine laboratory services. Across the road from Humble’s new 
laboratory, Magcobar build a new headquarters which 
will include both research and service laboratory facilities for 
the advancement and application of drilling mud technology. 


lo the extent that the future can be predicted by extrapolation. 


will 


the increasing importance of Houston as a petroleum research 
center is certain. 

This discussion would not be complete without mention of 
the contributions of such institutions as the Rice Institute to 
Houston’s petroleum research community. Faculty members 
of Rice, both in their own research and as consultants, have 
contributed directly to the petroleum art. Possibly even more 
their contributions. By making their 
library facilities available. and their colloquia open to visitors, 
they intellectual what might 
loaf. * * * 


important are indirect 


have provided an leaven for 


otherwise have been a stodgy 
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Three-Day Program Arranged 
For Ladies at Meeting 


By Mrs. Asbury S. Parks 


Chairman, Women’s Activities Committee 


Y VERY woman loves to play hostess and I am no exception. 
E When I was asked to help out on plans for the Fall 
Meeting in Houston my thought naturally turned to others 
who enjoy entertaining — Mary Hughes, Starr Mayfield, 
Maude Cashin, Lola Newsome, Gertrude Otto, to mention a 
few. So, it was with a great deal of pleasure that we rounded 
up other friends of the AIME and made plans. Now we are 
waiting and looking forward to returning in part the many 
courtesies that were extended us at previous meetings. 

By “we” is meant the members of the Ladies Activities Com 
mittee — Mrs. Asbury S. Parks, Mrs. Verne Mayfield, Mrs. 
Jim Hughes, Mrs. D. D'Arcy Casshin, Mrs. Joe A. Newsome 
Jr.. Mrs. Herman Otto, Mrs. Roy Bobo, Mrs. Harold Decker. 
Mrs. E. P. Hayes, Mrs. Lyle Payne, Mrs. W. S. Morris, Mrs. 
J. W. Hood, Mrs. C. B. Truitt, Mrs. C. F. Redmon, Mrs. E. P. 
Hubbard, Mrs. George Nye, Mrs. J. Davis Collett, Mrs. Paul 
Turnbull, Mrs. Joe B. Alford and Mrs. Jess E. Adkins. 

Wednesday, Oct. 1. we 
Rice Hotel. The hour and 
Here you will see everybody, girls from the old home 


will have a morning Sherry in the 
room will be on the schedule of 
events. 
town, those whom you knew in another oil field and another 


day. old bell but 


Ww hose 


school friends, those whose name rings a 


faces are new. 
We go from this party to 
We will have a noted speaker, one whom both men 


lunch with our very best boy 
friends. 
and women will enjoy. This is the first time that the ladies 
have been included in all of the activities of the men. We 
thank you, gentlemen. 


Your May I You 


probably need one before this convention is over and this is 


afternoon is free suggest a will 


? 
nap: 


Main St. — Houston's Shopping District 
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your only free time. If not a nap, here are a few ideas — art, 
theater, library, antiqueing, shopping. We have two art centers. 
Museum in the downtown area and the 
Art Museum, out Main and accessable by bus. The fall sched- 
ule of shows have not yet started but the permanent collections 
are well either or both. Unusual and 
beautiful murals may be seen in the following buildings: the 
City Hall, the Library, the Rice Hotel, the Prudential Build- 
ing (this one is new and done by Peter Hurd) and the Bible 


the Contemporary 


worth time spent at 


Cyclorama on Shepherd Dr. 

In the theater line. Houston has some of the best amateur 
and legitimate. The Little Theater is currently putting on 
musicals and being called the Houston Music Theater. The 
Alley Theater, The Playhouse. and for the unusual, the Melo- 
rheater, Inc., have continued all summer. There are 
occasional matinees, conditioned. If you live 
in a small place and would love to browse in a good library 
the Main Library is ideally located for down- 
town dwellers. Most of the antique shops out North Main and 
Washington Ave. are of the New Orleans junk yard type. The 
swankier shops are in older residential sections and out Main 


drama 
and all are air 


for a few hours 


and Fannin streets. We have many specialty shops including 
Mexican. Perhaps the best bargains may be found away from 
the busiest areas 

Wednesday night, we go to the glamorous Shamrock Hotel 
for a cocktail buffet around the pool. Those of you who have 
have not yet visited this rendezvous of the world’s glamorous 
and otherwise will be in for a real treat. The pool is beautiful 
and ample, the food is tasty, the landscaping well done, the 
flowers fragrant and there is no escaping from that old Texas 
harvest moon under such settings. 
Thursday go for a bus ride, a “rubber neck” 
if you please. We will stop for a restful Coke in Starr May- 
field’s garden. We interest on a bus ride. 
Houston is one of the more interesting cities of the world. 


morning, we 
will see much of 


vigorous, and impudent in its ambitiousness. Huge, new build- 
ings are going up everywhere, some of them quite modern in 
design. On even a short ride around town. literally dozens of 
beautifully landscaped gardens are seen. Our semi-tropical 
climate enables us to grow hundreds of plant materials for 
year round bloom. The ship channel and its colorful surround- 
ings is a high point. 

Thursday afternoon, we have a seated style show tea on 
the Sakowitz Sky 


However. due to climate, Houston is not con- 


Terrace. This is a style center of a clothes- 
conscious town 
Houston serves as a testing center 


If. in the fashionable salons of 


sidered a well-dressed town 
for prices and for hat styles. 
the world the price of a gown is questioned, the couterier is 
apt to say. “Ah, but it will sell in Houston” and it does. 

We have a moderate semi-tropical climate. Beginning with 
October, we may have rains or a blue norther, then it may be 
as hot as an August day. Under such varying climatic condi- 
tions it is dificult to tell you what you may need in the line 
of clothing. You will need a short light-weight coat, cape. 
in order but seldom needed before 
an umbrella may come in handy. 


stole or scarf. Furs are 
November. \ 
Perhaps your best bet would be a basic suit or dress of a sheer 
dark material. with fall Something that could 
be changed by an accessory to go to any or all of the activities. 
Husbands have a way of wanting to travel light. Wear com- 
statistics that 


rain coat or 


accessories, 


shoes. since some recent show one 


fortable 
one inch off the shoes adds ten vears to the face. 

Thursday night. we put on our prettiest bib and tucker 
and have our dinner dance at the Rice Hotel. Dress is optional. 
We have chose na 
pletely feminine and something we hope that vou will enjoy 
se & @ 


lovely gift as your favor: something com 


for many vears to come 


September, 1952 





cd 


—~ 
KINCBACH Whypttocks aud 
VUE ALL 





Whiteford Speaker at 
Opening Luncheon 


William K. Whiteford, executive vice- 
president of the Gulf Oil Corp., will be 
the speaker at the Welcoming Luncheon 
of the 1952 Mid-Continent Fall Meeting 
of the Petroleum Branch, AIME, in 
Houston, Oct. 1. The luncheon will be 
held in the Ballroom of the Rice Hotel 
where some 1,200 petroleum engineers 
and their guests will gather for the 
three-day meeting of technical and eco- 
nomic sessions. 

Whiteford had his first experience in 
the oil business in the Santa Maria oil 
fields of California during summer va- 
cations while a student at Stanford 
University. After roustabouting and 
roughnecking for several years in the 
various California oil fields, he joined 
a consulting petroleum engineering firm 
as a field engineer in 1924. 4 year later. 
he joined the Barnsdall Oil Co. as the 
production engineer of the California 
division and was later transferred to 
Tulsa, Okla., as chief production engi- 
neer and superintendent of the Northern 
Division of the company’s Mid-Conti- 
nent Division. 

Later, he became vice-president and 
general manager of all exploration and 
production activities for Barnsdall with 
the exception of the California area. 
In 1935, Whiteford joined the British- 
American Oil Co. 
president of its United States producing 
subsidiary at Tulsa. Eight years later, 
in 1942, he was elected executive vice- 
president of the parent company and 
Toronto. 


as executive vice- 


moved to its head office in 
Canada. 

He was elected president of British- 
American the following year and chair- 
man in 1951. He assumed his duties as 
executive vice-president with Gulf on 
Dec. 1. 1951. se & @ 
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Leading oil operators the world over use Kinz- 
bach Whipstocks for side-tracking, straightening 
and directional drilling operations. They can be 
set at any depth, requiring no support for the 
bottom. Positive setting slips prevent slipping or 
turning in hole. They can be oriented to mill out 
in any direction. Patented hinge arrangement 
assures that top of Whipstock will lie close against 
pipe walls at all times, permitting easy passage 
of drilling tools. Setting trigger always locates 
whipstock between couplings so window will be 
within one joint. Available in all popular sizes 
of casing. 


Ml) YW Fix 


Type “A” Mill Type “D” Mill Type “H” Mill Type “I” Mill 


Carefully heat-treated high-speed tool steel in- 
serts from the cutting blades in Kinzbach Milling 
Tools. These inserts, set at most efficient cutting 
angles in properly shaped, high. quality steel 
bodies provide unequalled cutting action and a 
uniform depth of cut. 
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Export Office: 
74 Trinity Place, 
New York, N. Y. 


SECTION 1 











On Exhibit— 


Equipment manufacturers and service companies will 
exhibit on the mezzanine of the Rice Hotel Oct. 1-3. 
A list of these exhibitors is given here. 


ATOMIC ENERGY OF CANADA, LTD. (Booth 23) Will 
introduce the Commercial Products Division of Atomic Energy 
of Canada, Ltd. (formerly Eldorado Mining and Refining. 
Ltd.) as suppliers of radioactive sources to the oil industry 
Technical personnel will be in attendance to give information 
on both naturally occurring and pile-produced isotopes. On 
display will be “dummy” radium; beryllium neutron sources. 
polonium; beryllium neutron sources and pure gamma sources 
as used in oil well logging. 


Will display a cut- 


Production 


BAKER OIL TOOLS, INC. (Booth 8) 
away model of Baker Model 415-D 


Packer; cut-away models of the setting tools used to set the 


Aske 
Retainer 


packer either on tubing or wire line; a cut-away model of 
Saker Model “K” Cement Retainer together with setting tools. 
Also will display a model of Baker Model RT-8 
Retrievable Cementer: a cut-away model of the Baker Cement 
Wash-Down Whirler Float Shoe: and a working model of the 
Baker Model “D” Rotary Hydraulic Wall Scraper. 


working 


B AND W, INCORPORATED (Booth 20)—Wi!l exhibit photo- 
graphs of seratchers and centralizers and field installations. 
\ central display unit will show several seratchers in “down 
the hole” position. A gravel packing display will also include 
closely screened gravel, tools and field photographs. Equip- 
ment to be shown are Multi-Flex Scratchers, Hinged Nu-Coil 
and Rotating Scratchers, the Latch-On Centralizer equipped 


with KON-KAVE Bows. 


CAMCO, INC. (Booth 24) Will show various types of gas 


lift installations consisting primarily of intermittant and con 
conditions, retrievable valves and mandrels and 


stant flow 


various cut-away sections of equipment. 


CORE LABORATORIES (Booth 21) Will serve coffee to 
visitors throughout the three-day Also will 
sample library, a display of 125 core samples from areas all 


meeting. have a 


over the United States and Canada. 


THE DIA-LOG CO. (Booth 15) Will display tubing and 
casing survey instruments, and plastic model tools for recov- 
ery of drill pipe, drill collars and tubing. 


DOWELL INCORPORATED Will exhibit the 
Jel-X materials which work both mechanically and chemically 
in the treatment of oil and gas wells, the new Hot Wire tool 
used in locating zones of lost circulation, the new radio active 


(Booth 3) 


materials used in acid and well-surveying fluids and new addi- 
tives used in regular acidizing. The display will include M-38 
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which has shown value in aiding the return of spent acid, in 
increasing formation permeability and in preventing emulsions. 


DRESSER INDUSTRIES, INC. (Booth 28) Will = display 


various activities of the several Dresser divisions with litera- 


ture and personnel available for discussion. 


GEORGE E. FAILING SUPPLY CO. (Booth 11) — Will 
exhibit products handled and have available literature describ- 
ing each. 

GARRETT OIL TOOLS, INC. (Booth 27) Will have on 
display a complete plastic model illustrating gas lift procedure, 
a large display board containing cut-away models of all Gar 
rett gas lift equipment, and numerous models of Garrett time- 
ycle intermitters and regulators, both pressure-reducing and 
back pressure types. 

GEOLOGRAPH COMPANY (Booth 6) Will exhibit the 
Geolograph instrument placed on rotary drilling wells for the 
purpose of recording drilling time and related drilling opera- 
The demonstrate the 


method of mechanical well-logging. 


tions. display will also Geolograph 


HALLIBURTON OIL WELL CEMENTING CO. 
Will exhibit various Halliburton models of caliper tools, gun 
Also 


perforator, roto wall scratcher and casing centralizer. 
literature on Halliburton products and services. 


HOUSTON OIL FIELD MATERIAL CO., INC. (Booth 26) 
Will exhibit tools manufactured for cutting and fishing 
directional drilling. welding. sidewall 


operations, pressure 


coring and well surveying. 


INTERNATIONAL BUSINESS MACHINES, INC. (Booths 16, 
17. 18) Will feature IBM electronic equipment in demon- 
strating high speed machine methods of cataloging well and 
reservoir data, preparing reports and computing the answers 
to engineering problems in the fields of production engineering 
and research. A representative data file containing drill stem 
tests, core analyses, production tests, and well histories will be 
used in preparing a typical operating report. Flash vaporiza 
tion equilibrium calculations will be demonstrated. 


JOHNSTON TESTERS, INC. (Booth 5) Will display new 
developments in drill stem testing equipment. Spot lighted will 
be equipment for safer operation in taking a drill stem test. 
Scale models of equipment with slides will be shown to better 
illustrate the application of this new equipment. 
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KEYSTONE DEVELOPMENT CORP. (Booth 14) Will 
exhibit the Sonolog Well Sounder, an acoustic instrument for 
the location of fluid level in a well casing or tubing. Alexande: 
Wolf will be in attendance to explain the instrument. 


KIMRAY, INC, (Booth 22) Will feature full size cut-away 
models of non-bleed, pilot operated, low pressure gas back 
pressure regulators and Floatless Liquid Level Controller for 
separators in pressures to 4,000 psi which is also capable of 
controlling interface level at high pressures. Other equipment 
exhibited will be a single soft seated fully balanced Mechan 
cal Oil Valve, Trunnion assemblies, fluid meters and sampler 
fer individual well metering. 


LANE-WELLS CO. (Booth 10) Wiil stress recent develop 
ments that have been accomplished in perforating equipment 
as well as Lane-Wells radioactivity logging service. Also on 
display will be the Lane-Wells Hook-Wall Packer and Wire 
Line Drillable Bridge Plugs. 

RUSKA INSTRUMENT CORP. (Booth 19) Will display 
late type instruments used in the petroleum industry with 
literature describing each. 


OTIS PRESSURE CONTROL (Booth 7) Will include cut 
away models of actual sub-surface tools and 
schematic illustrations of downwell pumps and packers for 
two-zone wells. Otis’ Type A Side-Door Choke will be intro 
duced. The latter is a new dual-completion and production 
tool. 


colored-up 


SCHLUMBERGER WELL SURVEYING CORP. (Booth 4) 


method. MicroLaterologging —is a 
shallow penetration resistivity method which permits accurate 
measurement of the zone in the well bore immediately behind 
the mud cake. Perforating equipment displayed will be small 
diameter expendable shaped charge carriers used in conjunc- 
tion with a new permanent well completion method. Included 


The logging technique 


will be a section of the gun, surface test targets, pictures of 
various type well setups, ete. 

SHAFFER TOOL WORKS (Booth 9) Will exhibit Shaffer 
hydraulically operated high-pressure drilling control equip- 
ment, the new ram type blowout preventers with self-draining 
ram compartments; the Shaffer rotating blowout preventer 
with high-pressure packing element which turns with the kelly 
and automatically seals around the kelly, drill pipe, tool joints 
and drill collars; the Shaffer-Waggener bumper safety joint 
and the Shaffer jar safety joint. 

SOLA CATALYTIC CO. (Booth 12) — Will display a cut-away 
model of the tanks used in the Sola Catalytic process for 
treating industrial and potable water without the use of chem- 
icals. The process has the function of retarding the formation 
of scale and corrosion in boilers, heat exchangers, stills, cool- 
ing water for internal combustion engines, air compressors, air 


conditioning systems, etc. 


WELEX JET SERVICES, INC. (Booth 13) Will display the 
new Four Way Jet Gun that perforates as many as 12 holes 
per foot, with sets of four holes on the same horizontal level. 




















You are cordially invited to visit 


IBM’s exhibit at the Fall Convention of 
the Petroleum Branch of the A.I.M.E. 
Demonstrations will feature versatile 
IBM electronic punched card 
equipment performing high speed 
recording and handling of data for 


production and engineering analysis. 


Rice Hotel, Houston - October 1st through 


October 3rd 
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Houston’s Claim to Oil Fame 


A number of cities fortunately located in the heart of great 
oil producing regions of the United States lay claim to being 
the “petroleum capitol” of the world. The fascinating busi 
ness of producing and marketing oil and oil products has 
made many a town a city and many a city a metropolis since 
the turn of the century and the moving into high gear of the 
industrial revolution. Houston is no exception. 

For Houston was caught up by the frenzied activities of the 
petroleum industry when both the town and oil producing 
techniques were in swaddling clothes. They both have matured 
together and prospered because of a happy combination of 
excellent geographical location on the part of Houston and 
an abundance of petroleum reserves on the part of the indus 
try in the area. 

Houston makes its claim to being the “petroleum capitol” 
with an imposing list of statistics among which are: 


1. The Houston area is the heart of the oil industry in 
Texas as Texas is of the world petroleum industry. 
The increase in production in the Houston area since 
1940 was 168,000 B/D, or 10 per cent of the gain for 
the entire United States in the last 10 years. 

There are 213 oil and condensate fields and over 8,400 
oil wells in the 17 counties nearest Houston which 
have oil production. 

The average production per well was 43 B/D, com 
pared with 19 B/D for Texas and 12 B/D for the 
United States. 





Visit Our Booth in Houston 


You are cordially invited to stop by our booth 
(#7) across from the registration table on the 
mezzanine of the Rice Hotel when you attend 
the Fall Meeting. We'd like to show you the 
new Type A Otis Side-Door Choke, especially 
designed for formation-fracturing, the Type H 
Otis Cross-Over Nipple Assembly for dually- 
completed wells, a new and improved Otis 
Tubing Caliper, details on the Otis Two-Zone 
Pump, and other tools and equipment. Plan to 
spend some time at the Otis exhibit; we'll be 


glad to see you. 


Ss 


O}|S 


Otis Pressure Control, Inc. 
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Harris County (Houston) has 36 oil fields, 1,835 oil 
wells, and production of 68,850 B, D in 1950. 

rhe proved crude oil reserves remaining to be recov- 
ered are about 2.4 billion bbl, or about 10 per cent 
of United States reserves. 

There are 2] natural gasoline and cycling plants in 
the area processing gas to recover liquid hydrocarbons. 
lhe production of these plants is 44,500 B/D, or about 
10 per cent of the United States output, recovered from 
over 1.5 billion cu ft of gas daily. 

Proved gas reserves in the 19 counties of the Houston 
area were about 23 trillion cu ft as of Jan. 1, 1951. 
Production of marketed gas in 1950 in the Houston 
area was about 2,300 MMcf/D, of which 1,040 MMcf 
were returned to reservoirs and 1,260 MMcf were used 
and marketed. 

rhere are 13 refineries in the area with a crude oil 
processing capacity of 810,600 B/D, which is 42 per 
cent of Texas and 12 per cent of the United States 
capacity 

Harris County has seven refineries, including the larg- 
est in the nation and represents 73 per cent of the 
capacity for this area. 

Ihe investment in synthetic rubber facilities in the 
area is $134,000,000. 

There are two butadiene, two styrene, and two copoly- 
mer plants which have a capacity to produce 112,500 
tons a year of GR-S rubber. 

Chere is one butyl rubber plant with a capacity of 
40,000 tons 


KNOWLEDGE, 

‘EXPERIENCE, 

DEPENDABLE 
SERVICE 


CHET. WHALEY 
WELL SERVICING CO. 


WORKOVERS — DRILLING 
WHIPSTOCKING 


CITY NATIONAL BANK BUILDING 
HOUSTON, TEXAS 
Phone: FA irfax 1998 
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Kobe for Beller Pumping 


There is a steadily growing recognition 


of Kobe Free Pumping as the standard 
of top performance in pumping oil wells. 
This is being proved in all areas 


and under all conditions. 


KOBE INC. Division of Dresser Equipment Co. 
HUNTINGTON PARK, CALIFORNIA — OKLAHOMA CITY, OKLAHOMA 








Magnet Cove Barium Corp., 
Houston, Texas Complete 
drilling mud service for the 
oil industry through 350 
dealers at strategic locations 





Clark Bros. Co., Olean, Neu 





Magcobar’s chemists and engineers are working steadily 
to develop new products to improve present drilling mud 
practices and to meet the needs of deeper drilling in the 
future. In this constant search, they have found neu 
deposits of materials, developed new processes of manu 
facture, and have set a new standard in quality control. 
Wherever your rig is located .. . or whatever your drilling 
problem may be ... Magcobar products and services are 
available to help you find a quick, effective solution. 


Dresser Manufacturing Division, Kobe, Inc., Division, Hunting 
Bradford, Pa. Pipe couplings, fit ton Park, Calif. Complete hy 
tings and sleeves—rolled and welded draulic oil held pumping systems 
tings—welding fittings and flanges including the Kobe Free Pump 








No. 2 in a series about Dresser Industries 


Ylhat is 


D) ESS SSE 


INDUSTRIES? 


Dresser Industries, Inc., is a group of companies under com- 
mon ownership with a single common interest... to serve 
the oil and gas industries with a wide range of the finest 
equipment and supplies possible. 


Each company is a specialist and recognized leader in its field, 
yet each retains its corporate identity and management. The 
pooled resources of engineering know-how and _ research 
facilities of the entire Dresser Industries organization back 
each company. 


Individually or collectively, the Dresser group works in all 
its divisions helping to expand oil and gas facilities to meet 
the world’s ever-increasing energy requirements. It is this 
planned association of companies ,and products that gives 
breadth and depth to Dresser’s combined operations. This 
integrated line of equipment and coordinated service enables 
Dresser Industries to make your job easier and better. 





Magnet Cove Barium Corporation provides the oil industry with a 


complete drilling mud service. In addition to mining and processing : 

a on 0 of specialized drilling mud materials, Magcobar has an expan MOO STRIE S,1 mc. 

sive dealer organization, a large staff of experienced field mud engineers ' Olt, GASYAND CHEMICAL EQUIPMENT 

who travel in laboratory-equipped cars and are backed up by modern } , 

research facilities. Magcobar developed and pioneered the flotation ; 

process to beneficiate barite. This and other of the company’s advanced 

techniques have added millions of tons of barite reserves and have 

saved liens of dollars for the oil industry through lower costs. ATLANTIC BUILDING %* DALLAS, TEXAS 


——— 


_— 


Pacific Pumps, Inc., Hunting Roots-Connersville Blower Security Engineering Company, Ideco Division, Patias 
ton Park, Calif. Centrifugal Division, Connersville, Ind. Ro Whittier, Calif. Rock bits, ream- Beaumont, Tex Torrance 
pumps, deep oil-well plunger tary positive blowers, gas pumps ers, Casing scrapers, reamer rock Calif. Derricks, drawworks, 


ie . rambler drilling rigs, travelin 

pumps and boiier feed pumps. centrifugal blowers, exhausters bits, coring bits, securaloy block , . Ms ae rs 
: q . ' 

positive displacement meters > CRY Se, Pare 





. . . of world-wide geophysical 


engineering experience go into 


every job we undertake. 





GEOPHYSICAL ENGINEERING COMPANY 





SiN ANTONIO. TENAS 


SEISMIC e GRiIPITY e@© WAGNETIC SURIPEYS 








Two in compartment 181.03 board the train, laundry, tips, and ex- 


Post Meeting Tour Two in drawing room 196.22 penses of a personal nature. A small 
Of Mexico Offered Three in drawing room . 77.28 pox vaccination certificate issued within 


These costs include 15 per cent the last three years is required by the 

\ post meeting trip to Mexico City United States tax, tourist card, transfer United States health authorities at La- 
and surrounding points of interest is of passengers and luggage from and to redo, Tex., point of entry into Mexico. 
being offered members of AIME. at- the station in Mexico City. first class To apply for the tour, write F. Ala- 
tending the Mid-Continent Fall Meeting hotel in Mexico City and Tasco accom torre, general agent, National Railways 
in Houston Oct. 1-3. The tour has been modating two persons in a room with of Mexico, 2401 Transit Tower. San 
arranged by the National Railways of twin beds and private bath. sightseeing Antonio, Tex. A deposit check in the 
Mexico whose general agent, F. Ala- trips with English-speaking guides and amount of $25 made out to F. Alatorre 
torre, may be reached at 240] Transit all meals in Mexico City and vicinity should accompany the application. Indi- 
Tower. San Antonio, Tex. The prices do not include meals on cate class of travel desired. *® * * 

The eight-day planned tour will leave 
Houston at 7:50 a.m. Saturday, Oct. 4, 
via Southern Pacific Lines, arriving in | 
San Antonio at 11:40 a.m. There the | PRESSURE REGULATO RS 
group will transfer to the Missouri 
Pacific depot. leaving San Antonio at 
12:05 p.m. via Missouri Pacific and j 
National Railways of Mexico. Arriving S7OP GAS LEAKAGE 
in Laredo at 4:20 p.m., the entourage 
will cross the international bridge over ; ee 


the Rio Grande ond pase shovegh Cov | TUR FROM YOUR GAS VENT LINES 


toms and Immigration inspections on 
board. P ye . ° 
: Kimray Regulators will pay div- 
By Sunday morning, the train will be ; , ’ ; ae 
well into Mexico, ascending the great idends on Sas savings. They shut 
central mesa 5,000 ft above sea level. off ‘bubble tight.”’ 


Phere will be short stops at San Luis 
Potosi, Queretaro and other interesting Constant pressure control 


cities. The arrival in Mexico City will flected | : _ . 
be at 8:00 p.m. Sunday and _ private ee ae 


automobiles will transfer the party to ch anges. Full line open- 
a modern hotel. ing—single seat non-bleed, 


Throughout the week there will be 4 ‘ ‘ 
tours of Mexico City’s modern resi- built-in pilot. 
dential sections, Chapultepec Park and Sizes available for immediate delivery: 2”, 3”, 4” screwed 
Castle, the Cathedral, the flower market or flanged, 6” flanged. Contact your nearest distributor. 
and business district. There will also ? : 
be glimpses into Mexico's history with 
visits to the Shrine of Guadalupe. the 
towering Pyramids of the Sun and 
Moon at San Juan Tectihuacan and the 
loth Century monastery of Acolman. 
Time has been set aside for visits to 
the floating gardens of Xochimilco, 
Cuernavaca and Cortes’ palace and 
Tasco, the old mining town clinging 
picturesquely to a mountainside. 
On the final day of tours, Friday. a 
drive has been arranged over the moun- 
tains and plains to Puebla and Cholula. 


the latter the ancient site of the Toltec 
KIMRAY-PARKS BACK PRESSURE REGULATOR Ice-covered KIMRAY-PARKS REGULATOR holds 


Dynasty. En route may be seen the 
on treater vent saves gas to he!p fire burner constant pressure despite low temperature. 


majestic voleanoes Popocatepetl and 
Iztaccihuatl. At 8:20 a.m. Saturday, 


Oct. 11. the group will leave Mexico 
City. gradually descending the great MANUFACTURED OKLAHOMA CITY 
plateau and arriving back in San An- BY U.S. A. 


tonio at 1:30 p.m. Sunday, Oct. 12. ame: 
Per person costs for the tour are as 


follows: Immediate Delivery Through: 


ee $126.56 HOUSTON, TEX SAN l als S Ge 
Coach seat $126.5 CORPUS CHRISTI. TI : Pipe sere 


One in lower berth 169.36 ODESSA, TEX.—« Hink 1 & Gas In'trument ¢ 
; aaa GRAHAM, TEX.—A , R, WYO.—Hink & Gas Insteument 

One in upper berth 162.85 ' , 

Two in lower berth 154.38 
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Two Clark Midget Angles furnishing gas for gas lift service 
and to recycling plant at Cranfield, Miss. 


Battery Two, loke St. John Field, la.: Clark Midget Angle 
supplying gas to the loke St. John gasoline and recycling 
plont 


Perfect Balance an 


... explain Clark Midget Angles’ success in 
The California Co.’s Bayou Country operations 


Barataria, la 


Bayou country, rich in oil and gas but difficult for 
men and machines to work. That is the story of 
producing operations in the southern part of Lou- 
isiana and Mississippi. The California Company, 
however, has found the practical answer to the 
flare gas and gas lift problem in these rich produc- 
ing fields. 

Seventeen Clark 300 bhp Midget Angle “skid- 
mounted” compressor stations are now operating 
under extremely rugged conditions. Because of per- 
fect balance, only a slab of concrete is needed for 
a foundation. Several of these skid-mounted units 
are even operating on small 18-foot x 36-foot, 
floating steel barges. Most of these field compres- 
sor stations are operated in isolated locations, with 


Clark Midget Angle pumping flare gas into 


o natural gas pipeline. 


iw 


only a minimum of service and attention. It is 
readily apparent why a compressor selected for this 
toughest kind of service must be inherently rugged 
and durable. Only the Clark Midget Angle matches 
these service requirements perfectly. An on-stream 
average of 97 per cent of the time is proof of 
dependable performance. 

If you have a problem involving 80 to 330 bhp 
gas-engine-driven compressors, for hard field serv- 
the Clark HMA for the most 


ice, investigate 


practical answer. 


CLARK BROS. CO e OLEAN, N. Y 
Division of Dresser Operations, Inc. 


OFFICES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 


Brookhaven, Miss.: Clark Midget Angle discharging of 
2500 psi into injection wells shown in background. 








Clark Midget Angle handling 2-pressure services of field 
gas for Cranfield, Miss. recycling plant. 


Battery Four in Lake St. John Field, La.: Two Clark Midget 
Angles furnishing gas for gas lift services and for gasoline 
plant at nearby Lake St. John. 


Delta Farms, in Bayous of Lovisiana: Two Clark Midget 
Angles operating on individual floating barges. Per- 
fect balance makes this possible. 
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Hico Knowles, la.: Clark Midget Angle supplying gas 


Two Clark Midget Angles supplying gas through 2-pressure 
services to nearby Lake St. John recycling plant. through 2-pressure service for nearby recycling plant. 
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Houston Is Many Scenes 


The landscape of Houston is marked with the 
ndustry and the achievements of past generations. Ab 


growl 
ove 
i view of a portion of the 50-mile channel facilities which ca 
load simultaneously 81 big ships. At upper right and lower 
left are shafts pointing skyward. the first a portable drill 
rig which will soon mave on, the second a monument to thre 
city’s namesake. Sam Houston. At lower right are 


refinery scenes 


fan | 














After two years of development and test work confirmed in the 
operation of the large West Texas installation pictured below, 


HUDSON reins 





A New Type Cooling System Integrated for All Process Plant Cooling Services, 
Combining the Economical Maximum Use of Air With Minimum Use of Water. 


In the COMBIN-AIRE the use of air for cooling 
is extended to include low temperature cooling 
services previously necessitating water 
because of high ambient air temperature. The 
COMBIN-AIRE allows the use of air-cooling for 
total heat dissipation in all services. 


The COMBIN-AIRE is a combination of a 
HUDSON water cooling tower with HUDSON 
air-cooled exchangers housed in one integrated 
structure. During periods of high ambient tempera- 
ture the inlet air is first drawn through water at 
the bottom of the cooling tower, reducing the air to 
near wet bulb temperature, at which temperature it 


cooling 


contacts the air-cooled exchangers. During periods 
of low ambient temperature the inlet air is used 
directly in the air-cooled exchangers and no water 


s evaporated in the cooling tower. 


When water in good quantity and quality is not 
ivailable the COMBIN-AIRE has manifest advan- 
tages over any alternative combination of cooling 
equipment. 


kven when ample water is available and waiter 
treatment costs are low, comprehensive compari- 
sons will frequently indicate overall advantages 


of the COMBIN-AIRE system. 


* The COMBIN-AIRE unit is protected by United States patents 








COMBIN-AIRE ADVANTAGES 
LOW WATER CONSUMPTION. No water is used during 
cold weather. 
NO TREATMENT NECESSARY for cooling tower water. 
NO WATER LOSS as spray or mechanical carryover. 
NO CONDENSATION from effivent air. 
MINIMUM PIPING. COMBIN-AIRE may be installed 
immediately adjacent to other process equipment. Use 
of tubular water cooled equipment for final coolers 
unnecessary. 
CLEAN AIR TO AIR-COOLED UNITS. During hot season 
air is water-washed removing dust, sand and insects. 
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Unretouched frame from Hughes Research Film showing explosive effect 


as heel tooth penetrates formation 


Hughes advances tooth action research 


Knowing exactly what happens when bit teeth bite into the formation is essential 
in perfecting bit design 


Every means that will clarify tooth action is used by Hughes engineers. This 
includes the study of bottom hole patterns, data obtained from millions of bits 
run on thousands of rigs, and motion pictures taken with super high speed 
camera equipment 


This is work in which small improvements are important. For instance, a 
design change that leads to the removal of 1/64” more formation on each 
revolution of the bit can increase the penetration rate 
approximately five feet per hour at a rotary speed ot 


60 to 70 RPM 


The study of tooth action is part of HUGHES’ overall research 
program dedicated to the idea that improvement is a 


continuing process ...and that the perfect bit is still to 


be built 


Ws 
TOOL COMPANY, . uuenes 7ir-Gax ROCK BITS 


HOUSTON, Texas 


WORLD STANDARD 


OF THE INDUSTRY * 
ee ~, 
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DISCUSSION OF THIS AND ALL FOLLOWING TECHNICAL PAPERS IS INVITED 
Discussion in writing (3 copies) may be sent to the Editor, Journal! of Petroleum Technology, 408 Trinity Universal Bldg., 
Dallas 1, Texas, and will be cons‘dered for publication in the Transections volume Petroleum Development and Technology. 
Discussion will close December 31, 1952. Any discussion offered thereafter should be in the form of a new paper. 








A METHOD FOR PREDICTING THE TENDENCY OF OIL 
FIELD WATERS TO DEPOSIT CALCIUM CARBONATE 


HENRY A. STIFF, JR., MEMBER AIME, AND LAWRENCE E. DAVIS, THE ATLANTIC REFINING CO., DALLAS, TEX. 


ABSTRACT 


The authors previously presented a method for predictin 
the tendency of oil field waters to deposit calcium sulfate. T! 
present paper gives a similar method for calcium carbonate 

Methods for predicting calcium carbonate scaling tendencic 
in fresh waters have been available for some time, but the« 
could not be used for brines. By experimentally deriving the 
value of the K term in the Langelier equation, a method has 
been developed which applies to waters of high salt content 
A statistical study is included which shows that the experi 
mentally derived values of K are in good agreement with 
actual conditions. Several applications of the final equation 
to production practice are given. 


INTRODUCTION 


The authors previously presented a method for predicting 
the formation of calcium sulfate scale in oil field waters 
Although calcium sulfate deposition is important in produ 
tion operations, the majority of scale problems involve calcium 
carbonate, The present communication discusses a method 
by which the formation of this type of scale in oil field water 
can be predicted. 

Calcium carbonate precipitation is caused by a shift toward 
carbonate in the carbonate-bicarbonate-carbon dioxide equi 
librium. When equilibrium shifts in the other direction, the 
precipitate goes back into solution. Since there is usually 
considerable delay between the establishment of an equilibrium 
and the precipitation or solution of calcium carbonate, unstable 
conditions exist in which a water will precipitate or dissolve 
calcium carbonate on standing. 

Tillmans,’ who did a major part of the early work on car 
bonate scaling. pointed out that the condition of equilibrium 
not only indicates the tendency of a water to scale but also 
is an indication of its corrosive properties. Previously precipi 
tated calcium carbonate combines with iron to form a dens: 
crust which inhibits corrosion. If the water tends to dissolve 
'References given at end of paper. 
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carbonate, the scale becomes porous, and electrolytic corrosion 
takes place. Tillmans’ work was extended by several investi- 
gators until in 1934 Langelier’ developed an equation setting 
forth the conditions of carbonate equilibrium. By the use of 
this equation the pH of a water at equilibrium can be calcu 
lated. If the actual pH is higher than the calculated pH, the 
water has a tendency to form scale. If it is lower, the water 
has a tendency to be COTTOSIVE 

Langelier’s equation can be expressed in a simple form 
as follows: 

S/ pH pCa-p {lk —K 
where: 

SI is the stability index. A positive index indicates scale 
formation. A negative index indicates corrosion. 

pH is the pH of the water sample, as actually determined. 

pCa is the negative logarithm of the calcium concentration. 

pAlk is the negative logarithm of the total alkalinity. 

K is a constant, the value of which depends on the total 
salt concentration and the temperature. 

This equation has been shown to apply to waters with total 
solid concentrations as high as 4,000 ppm. In fact, control of 
fresh water treatment by means of this equation has been 
standard text-book practice for a number of years. Nomo- 
graphs have been worked out’ so that the stability index of 
i fresh water sample can be determined in a matter of min- 
utes, Most oil field waters, however, contain well over 4,000 
ppm of salts and for this reason the usual application of 
Langelier’s equation can not be made. 

By an empirical method we have extended the application 
of the Langelier equation to waters of high salt concentration. 
By the use of this equation the tendency of oil field waters 
to deposit calcium carbonate can be predicted. 


THEORETICAL 


When a water is in equilibrium the stability index is zero. 
The Langelier equation then becomes: 


0 = pH - pCa - pAlk-K 


and, 


K pH pCa p Alk 
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+ ' + + ' + PREP PEP + + + + 
12 14 16 18 20 22 24 26 28 30 32 34 36 
IONIC STRENGTH (gs) 


1 — VALUES OF K AT VARIOUS IONIC STRENSTHS 


The value of K depends on the temperature and total salt 
concentration of the water. If a water is allowed to come to 
equilibrium with calcium carbonate the value of K for that 
particular water can be found by determining the pH, calcium 
and alkalinity, and substituting in the above equation. By 
making such determinations on waters of varying salt content 
in equilibrium at different temperatures, data can be obtained 
from which values of K at any salt content or temperature can 
be taken. 

Different salts influence the value of K to different extents. 
In fresh waters this effect is negligible, but in salt water it 
must be taken into account. Corrections are obtained by sub- 
stituting ionic strength for total salt concentration by the 
usual methods. Ionic strength can be calculated as follows: 

a= § (C7 7+Cy, + CnVn’) 
where: 

C is the concentration of each ion expressed as gram ions 
per 1,000 gms of solvent. 


V is the valence of that ion. 


EXPERIMENTAL 


To various concentrations of sodium chloride ranging from 
0 per cent to 20 per cent were added solutions of calcium 
chloride and sodium carbonate of such strength that calcium 
carbonate would precipitate out and leave an excess of cal- 
cium chloride. A few drops of hydrochloric acid were added 
to form bicarbonate and the solutions brought to equilibrium 
by shaking at constant temperature for 24 hours. The solutions 
were then filtered and the concentration of carbonate, bicar- 
bonate, chloride, and calcium determined by actual analysis. 
Temperatures employed were 0°, 30°, and 50°C. 
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Analytical determinations insofar as possible were carried 
out at the equilibrium temperature. Standard procedures of 
analysis were used. All titrations, with the exception of chlo- 
ride, were performed on the Beckman Automatic Titrator. 


RESULTS 


Fig. 1 shows curves giving the values of K at various ionic 
strengths. Curves at 0°, 30°. and 50°C were plotted from 
experimental data, while the curves at all other temperatures 
were extrapolated. 

The stability indices of 100 salt water samples taken at 
random from our files were calculated. The frequency dis- 
tribution curve is shown in Fig. 2. It will be noted that the 
curve is of typical shape and that the maximum frequency 
is at a point where the stability index is close to zero. Since 
it is probable that the stability indices of brines, as well as 
those of fresh waters have normal distribution, we believe that 
Fig. 2 indicates that the values of K are probably valid. 


APPLICATION 


indices of various 


lo facilitate calculation of the stability 
oil field waters. we have included in the report Table I, which 
gives the factors used to obtain the ionic strength from the 


results of a standard water analysis. The individual ion is 


simply multiplied by the appropriate factor. The sum of these 
products gives the ionic strength. 

Also included is 
which the values of pAl/k and pCa can be obtained. 


a graph (Fig. 3), from Langelier, by 

From the ionic strength, calculated as above, the value of 
K can be taken from Fig. 1. 

The values of these terms when substituted in the following 
equation will give the stability index. 

Sl = pH-K pAlk 

Stability index calculation on oil field brines can furnish 

valuable information in petroleum production operations where 


pCa 
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STABILITY INDEX 


NUMBER OF SAMPLES PER GROUP 


FIG. 2—DISTRIBUTION CURVE — STABILITY INDEX OF 100 WATER 


SAMPLES COLLECTED AT RANDOM. 
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FIG. 3 — GRAPH FOR CONVERTING PARTS PER MILLION OF CALCIUM AND ALKALINITY INTO pCa AND pAlk. 
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Table | 


Water Analysis to lonic Strength 


(The total ionic strength is the sum of the ionic strengths 
of the individual ions) 


Factor, ppm Factor, meq /liter 


5x 10° 
1x10° 
1x 10° 
5x 10° 
5x 10° 
1x10 


carbonate scaling and certain types of corrosion are involved. 
Following are a few examples of the application of the stabil- 
ity index 


Scale Deposits in Heater Treaters 


A consideration of Fig. 1 shows that the value of K dimin- 
ishes as the temperature of the water increases, This results 
in a more positive index which in turn indicates an increase 
in scaling tendencies. Thus, a brine which is stable at the 
wellhead is often scale forming at the higher temperature of 
the heater. The calculation of stability index for the first time 
makes possible the quantitative calculations of scaling ten- 
dencies of oil field waters under these conditions. It is believed 
that the judicious use of this tool in study of scaling condition 
in heater treaters will not only clarify the mechanism of these 
problems but also will be of considerable aid in prescribing 
treatment. 


Scale Deposits in Producing Wells 


Calcium carbonate deposits in producing oil wells is a 
serious problem because of loss of production and possible 
damage to in-hole equipment. Fundamentally, such deposit; 
appear to be due to pressure drops which allow the escape of 
carbon dioxide. The resulting shift in equilibrium causes the 
calcium carbonate to precipitate. Usually equilibrium is not 
completely that water samples often 
give an indication of the tendency for scale to form in the well. 


reached so wellhead 
It should be pointed out, however, that while the stability 
future 
past. 


behavior of a water, it does not 
indicate its Actually there may be 
equilibrium states in the water between the formation an1 
the wellhead, a condition which could lead to corrosion at one 
point and scale at another. Studies are now in progress whic! 
we hope will clarify this situation and considerably extend 
the application of the stabiliw index to the problems of scaling 


index foretells the 


necessarily several 


and corrosion in producing wells. 
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Factors for Converting the Results of a 


Water Flood and Water Disposal 


rhe importance of injecting stable water into the formation 
has long been recognized, and a considerable amount of money 
has been spent in achieving this end. If water with a tendency 
to scale is injected, calcium carbonate deposits soon plug 
the formation. In the case of a fresh water flood the standard 
Langelier formulas can be used to control treatment and make 
sure that a stable water is being injected, but when salt 
water is used these equations do not apply. In such water 
flood operations the new stability index has found extensive 
application. 

Disposal projects almost always involve water of high salt 
content. Here the injection of stable water is just as necessary 
as in water flooding. In this project the new stability index has 
proved valuable. 


CONCLUSIONS 


Experimental values were developed for the K term in the 
Langelier equation. By the use of these values the stability 
index of oil field waters can be calculated. A statistical evalua- 
tion of these values was made and several applications of 
the stability index to production problems are given. 
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ELECTRICAL RESISTIVITY MEASUREMENTS ON RESER- 
VOIR ROCK SAMPLES BY THE TWO-ELECTRODE AND 
FOUR-ELECTRODE METHODS 


C. F. RUST, MAGNOLIA PETROLEUM CO., DALLAS, TEX. 


ABSTRACT 


Experimental evidence is presented showing that reproduc 
ible formation resistivity factor measurements and resistivity 
index determinations on reservoir core samples may be made 
utilizing either the two- or four-electrode methods, Equipment 
is described which permits the application of either technique 
to the core specimen without loss of time and with a minimum 
amount of effort. Since electrical resistivity measurements on 
reservoir rocks are important not only in electric log inter 
pretations, but also in the study of fundamental rock param 
eters, it was considered desirable to compare the applicability 
of both techniques of resistivity measurement. 


INTRODUCTION 


The techniques employed in the measurement of electrical 
resistivity on reservoir rocks, as practiced in the petroleum 
industry, may be reduced to two fundamental methods: one 
utilizing two electrodes only, usually referred to as the two 
electrode method; the other using two additional electrodes 
and commonly known as the four-electrode method. In the 
former, the core sample whose resistivity is to be measured is 
mounted between two electrodes, usually metal discs, which 
serve to pass a current of known magnitude through the sam 
ple. The potential drop across the sample, measured between 
these same two electrodes, and the core dimensions furnish 
the necessary data to compute the resistivity of the sample 
In the four-electrode technique the end plates, again usually 
of metal, still serve as current electrodes. Additional probes 
or electrodes dispersed along the sample are utilized to meas 
ure the potential drop. Both methods are used in practice 
and it is the purpose of this paper to compare the two tech 
niques as applied to the determination of formation resistivity 
factors and the resistivity index exponent n, in Archie's’ em 
pirical equation / = p/p S, ". To evaluate the two tech 
niques it is desirable to point out the experimental precau 
tions which must be taken to insure reliable 
evident from the electrode arrangements of the two- and the 
four-electrode methods that, for a given sample. the volume 
of sample included by the four-electrode method is less than 
the volume included by the two-electrode method. 

One of the prime difficulties associated with the two-electrode 
method is the possible occurrence of an abnormally hig! 


results. [ti 


‘References given at end of paper. 
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resistance between the electrodes and the brine-saturated sam- 
ple, which results in erroneous resistivity values for the core 
sample itself. Attempts to alleviate this difficulty meet varying 
degrees of success. Methods used in the past employ such 
absorbent materials as brine-saturated Kleenex, chamois, or 
felt. A technique described by Morgan, Wyllie, and Fulton,’ 
appears to be more satisfactory. Their method consists of 
spraying or painting the end areas of a core sample with 
conductive silver paint. This technique reduces contact resist- 
ances between the porous medium and the electrodes to a value 
which is generally negligible as compared to the resistance 
of the sample itself 

In the four-electrode method these requirements are not 
as stringent since separate probes are used to measure the 
potential difference across a portion of the sample. In this 
case, contact resistance occurring at the current electrodes 
are of no consequence, and those appearing at the potential 


FIG. 1 — CORE SAMPLE RESISTIVITY CELL. 
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FIG. 2 — COMBINED INTERSTITIAL WATER AND RESISTIVITY CELL. 


probes are easily detected by a method to be described below 
However, for the measurements presented in this paper, tech 
used which reduced contact resistances at the 


niques were 


current and potential electrodes to a minimum. 


EQUIPMENT 


The resistivity cell developed by Magnolia Petroleum Co.'s 
Field Research Laboratories and used for the determination 
of formation 
shown in Fig. 1. 


resistivity factors presented in this report is 
It is designed to permit either a two- or 
four-electrode measurement to be made without disturbing the 
core sample once it is placed in the cell. The electrode system 
is enclosed in a Lucite housing which is partially filled with 
brine to reduce evaporation of water from the core sample 
during the measurement. The metal disc current electrodes 
are seated in a ball-and-socket joint. Two sets of six solid 
silver potential probes B, also under spring tension, are dis 
tributed along the core circumference and seated in each of 
two electrically insulated metal blocks C. The electrical wiring 
of the cell is permanent, and connections to the measuring 
circuit are made through a Cannon plug. The end areas of 
the core samples measured in this cell may be coated with 
conducting silver paint.* if the cell is used for two electrode 
measurements. For four-electrode measurements refined tech 
niques, to eliminate contact resistances between the current 
electrodes and the core sample, are not necessary, since they 
do not affect the resistance measurements of the sample. This 


*Type S.C 
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cell 


diameter of 1 in the 


resistivity accommodates samples having a 


lengths are 


maximum 
limiting between 0.75 
and 1.5 in 

\ combined interstitial water and resistivity cell is used for 


electrical resistivity determinations during the 


capillary desaturation. It is shown in Fig. 2. In this technique. 


process of 
the brine-saturated sample is placed in contact with a 
permeable to brine but impermeable to 
isooctane, the medium used to displace the brine. Pressure is 


core 
porous diaphragm, 
applied in steps to the displacing medium, forcing the brine 
through the diaphragm into a graduated pipette, which pet 
mits the amount of expelled brine and thus the sample brine 


to be illy. 


system similar 


saturation determined volumetri Resistivity meas 


to the 
porous 


urements are made, using an electrode 
that the 


diaphragm replaces one of the metal dise current electrodes 


one described above, except brine-saturated 


rhe cell is mounted in a constant-temperature box to minimize 


effects of temperature fluctuations during the process of 


measurement 


PROCEDURE 


\ schematic wiring diagram of the electrical measuring 


circuit, used in conjunction with either resistivity cell, is 


shown in Fig, 3. With the core sample mounted in the cell, the 


desired current through the sample is obtained by adjustment 


of the potential drop across a 100-ohm wire-wound precision 


resistor Manipulation of selector switches [| and Il permits 


potential-drop measurements to be made, either across the 


entire core sample (two-electrode method), or across a por 


tion of the sample (four-electrode method). Any appreciable 


contact resistance introduced in the measurement is detected 


by inserting a resistor in series with the vacuum tube volt- 


The value of this resistor is chosen to be equal to the 
measuring instrument. If the contact 


meter 
input impedance of the 
resistance is zero, the potential drop across the sample is one 
half of that measured without the resistor in the circuit. This 
is a well-established procedure in electrical measurements and 
petroleum literature by Dunlap et al. 
reliable resistivity 
either the 


was first reported in 
With this 


measurements 


circuit it is possible to make 
in rapid succession, using two- or 


four-electrode methods 
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Table I Two- and Four-Electrode Resistivity Measurements on Saturated Core Samples 


Salinity of 
4 Effective Nitroger Resistivity, Ohm-Meters Per Cent Saotaeadionn 
Sample Porosity »rmeability Two-Electrode Four-Electrode Brine Brine 


Number Formation Method Me chod Saturation ppm NaCl 


3158 Aux Vases SS 25. : 1.66 42 98.1 50,000 
3159A Aux Vases SS 21. 30.8 6.86 7 100 10,000 
3161 Aux Vases SS 21. 2.04 99.2 50,000 
3162 Aux Vases SS 20. 96.8 7.31 95.7 10,000 
3163 Aux Vases SS 23.: 6.46 99.1 10,000 
3166 Aux Vases S! 23.3 70 6.46 ! 98.0 10,000 
3158 Aux Vases ! 25. 0 0.86 82 98.0 100,000 
3161 Aux Vases S! i 12 1.10 99.0 100,000 
3159 Aux Vases 80 7.52 7.3 100 10,000 
3162° Aux Vases 100 10,000 
3163 Aux Vases ! 95.2 50,000 
3166 


Aux Vases S! ‘ 87 96.1 50,000 


99.7 50,000 
99.6 1,000 
99.2 20,000 


\4 Stevens SS° 
Stevens SS* 
Stevens SS 


Edwards LS 91.4 50,000 


Alundum 98.0 10,000 


Chalk 2 93.0 50,000 

3 93.2 50,000 
94,7 50,000 
95.0 50,000 
Annona Chalk 93.0 50,000 
Annona Chalk 96.0 50,000 
Annona Chalk 5 95.4 50,000 
Annona Chalk 5 7 95.7 50,000 
Annona Chalk 24. 0.8 l 96.0 50,000 
Annona Chalk 3. 2.08 2.2 97.2 10,000 
Annona Chalk . l l 96.8 50,000 


Annona 
Annona Chalk 
Annona Chalk 
Annona Chalk 


1890 Bearhead SS* 98.0 50,000 


Valley 0) 95.0 100,000 

' ) 7 93.8 100,000 
96.0 100,000 
96.2 100,000 
96.4 100,000 


2809 Cotton 
2819 Cotton Valley 
2822 Cotton Valley 
2826 Cotton Valley 
2827 Cotton Valley 


3161 \ux Vases 23 12 3 ) 98.0 500 
3161 \ux Vases 21. 2 D7 8.8 99.0 1,000 
3164 \ux Vases 2. 2) 26.5 ; 100 1,000 
3158 Aux Vases 9.1 99.7 1,000 


39194 Stevens SS 98.4 1,000 
35 19¢ Stevens SS 99.0 1,000 
S519H Stevens SS ) 5 98.2 1,000 
519) Stevens SS wi 2 99.5 1,000 
519K Stevens SS ‘ { ( 99.8 1,000 
35191 Stevens SS ) 22 ) 99.7 1,000 


1021¢ Madison LS 9 0.1 7 75,000 
10221 Madison LS a 0.1 16.7 5.5 75,000 
10234 Madison LS : 0.1 7.5 ; . 75.000 
1023S Madison LS * l ) 75.000 
10248 Madison IS 7.5 75.000 
024k Madison [LS i | 5 | 75,000 
10241 Madison I 75.000 
1025B Madison L. 12 | 5 75.000 
10256 Madison I 2 75.000 
1025) Madison I 75,000 
1025H Madison I 75.009 
1026k Madison | ; 75,000 
1O27E Madison I ( 8 5.2 75.000 
1027H Madison LS 1 ; 7 . 75.000 
1025D Madison LS 24.5 32.8 2.8 7.000 
10251 Madison LS ) } 31.3 1,000 


*Painted Core Samples 
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FIG. 4 — RESISTIVITY MEASUREMENTS. TWO. VS FOUR-ELECTRODE TECH 
NIQUES. RANGE 1-10 OHM METERS 


DISCUSSION 


The electrical resistivities of 60 core samples were measured 
utilizing both the two-electrode and four-electrode systems 
These samples, nominally three-fourths in. in diameter and one 
in. in length, were selected from typical sandstone and lime 
stone formations. The brine saturations were determined in the 
following manner: the core samples were cleaned, dried in 
an oven, and weighed. The pore volumes were then measured 
with a Kobe Following thi- 
measurement, the samples were placed in a bell jar, evacuated 
and flushed several times with carbon dioxide. The brine was 
then admitted to the evacuated chamber and the weight of 
the saturated samples subsequently determined. From 
these data the degree of saturation was computed as a frac 
The range of saturations 


gas-compression porosimeter.* 


was 


tion of the measured pore volume 
so obtained varied between 91.4 and 100 per cent. 

Resistivity measurements were made on the above samples 
using both techniques. The results of these determinations are 
summarized in Table | and plotted in Figs, 4 and 5. Fig. 4 
covers the resistivity range from 0 to approximately 10 ohm- 
meters; Fig. 5 includes the results ranging from 6 to 36 ohm 
meters. It is evident that the data points fall closely on a line 
whose slope is unity. A least-square solution’ of the data for 
the resistivity range from 0 to 10 ohm-meters (Fig. 4) shows 
that the equation of the best fit is of the form 
y = ax + b, in which a is the slope of the line, and 6 the 


line of 


intercept with the y-axis. The values of these constants are 
a = 0.988 and b = 0.039. For the data in Fig. 5, covering a 
range from 6 to 36 ohm-meters, a = 0.952 and b = 0.978. The 
dotted lines represent the lines of best fit. obtained by the 
method of least squares. 

The agreement between the two methods depends among 
other things on the nature of the sample. For homogeneous 
samples the agreement is invariably excellent, as would be 
anticipated for situations in which the contact resistance is 
negligible. On the other hand, for heterogeneous samples. 
small deviations, such as are observed in these data. are in 
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evitably observed. A practical illustration of the agreement 
of resistivity measurements made with both techniques on 
samples from a single formation, the Annona Chalk, is shown 
in Fig. 6. Formation resistivity factors, representing the ratio 
of the resistivity of a sample to the resistivity of the saturating 
brine, are plotted vs the porosity fractions on log-log paper. 
rhe open circles represent data points obtained from resistivity 
measurements with the four-electrode technique, and the solid 
represent the data obtained from the 
This type of plot is commonly used to deter- 
mine the factor,” m, in Archie's’ relation F 

it shows that the scattering is somewhat larger for the 
two-electrode data, However, the effect on the determination 


circles two-electrode 
measurements. 


“cementation 


of the cementation factor m is small. 

Measurements on core samples during the process of desat- 
by the fact that not only is the 
resistivity itself involved, but reliable determi- 
nations of the volume of expelled brine, and hence of the 
brine saturation of the sample, are required. For these meas- 
combined interstitial water and resistivity cell. 
is used. This cell permits the obtention of 


uration are complicated 


measurement 


urements the 
shown in Fig. 2 
data for the capillary pressure curve as well as the necessary 


Archie’s 


capillary 


empirical saturation equation I 
experiments as the 
time 


information to 


p/p S. In these pressure 


pressure is increased the saturation decreases and in 
becomes substantially constant at a given capillary pressure 
This constant value of saturation is the equilibrium saturation 
obtained at the applied capillary pressure. In a like manner 
the resistivities change continuously as the saturation decreases 
in a capillary pressure experiment and therefore the resistivi 
plotted beth equilibrium and 


equilibrium saturations 


ties mav be igainst non 


Fig. 7 is a plot of the resistivity index vs brine saturation 
for a “clean” sandstone core sample from the Planulina sand 


of the miocene. The designation “clean” implies that the 


HM-METERS) 


SANDSTONE 
LIMESTONE 
—— 45°LINE 
SQUARE SOLUTION 


¢ 8 © 2 1 6 1 20 22 24 26 20 30 82 34 36 
TY MEASUREMENTS BY FOUR- ELECTRODE METMOD (OHM-METERS) 


FIG. 5 — RESISTIVITY MEASUREMENTS. TWO- VS FOUR-ELECTRODE TECH 
NIQUES. RANGE 6-36 OHM METERS 
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Table Il — Resistivity Index as a Function of Brine Saturation, Planulina Sand of Miocene 
Permeability 112 md 
Effective Porosity 19.3% 
Run 1 Run 1 Run 2 
Two-Electrode Method __ Four-Electrode Method Four-Electrode Method 
Capillary Brine Saturation Resistivity Capillary Brine Saturation Resistivity Capillary Brine Saturation Resistivity 
Pressure Per Cent of ndex Pressure Per Cent of Index Pressure Per Cent of Index 
psi Pore Volume l= p/p. psi Pore Volume 1= p/p psi Pore Volume 1= p/po 


0 100 1.00 100 1.00 100 1.00 
0 96.4 1.10 96.4 1.04 35.2 6.21 
45.0 3.84 y 15.0 4.13 29. 8.46 

2° 43.1 4.45 ; 13.1 4.32 y 26. 9.51 
t 37.7 5.60 37.7 5.39 21.5 13.3 
1° 36.5 5.71 d 56.5 5.87 

8 32.5 7.00 32.8 6.48 

8 318 7.18 31.8 7.32 

8* 30.6 8.10 $0.6 7.67 

12° 27.4 9.71 2 7.4 9.41 

16° 26.2 10.4 26.2 10.1 
20° 22.2 14.0 22.2 12 





*Equilibrium saturation values 


100 


& FOUR-ELECTRODE METHOD FIRST RUN 
© TWO-ELECTRODE METHOD FIRST RUN 
O FOUR-ELECTRODE METHOD 2ND. RUN 
OPEN SYMBOLS: NON-EQUILIBRIUM 
SATURATION VALUES. 

\ SOLID SYMBOLS: EQUILIBRIUM 
yt peneaenenees VALUES. 


FACTOR 


\ 
\e 
a 


INDEX 


RESISTIVITY 
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0 FOUR-ELECTRODE METHOD \ 
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\ 
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\ 
\ % 
iL Se ae Cee cee 02 04 06 O08 10 
06 O8 10 BRINE SATURATION FRACTION OF PORE VOLUME 








0.2 0.4 

POROSITY FRACTION 
FIG. 6— FORMATION RESISTIVITY FACTOR VS POROSITY FRACTION. FIG. 7 — RESISTIVITY INDEX VS BRINE SATURATION. PLANULINA SAND. 
ANNONA CHALK FORMATION. GAS PERMEABILITY 112 md. EFFECTIVE POROSITY 19.3%. 
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ELECTRICAL RESISTIVITY MEASUREMENTS ON RESERVOIR ROCK SAMPLES BY THE 


TWO-ELECTRODE AND FOUR-ELECTRODE METHODS 


Fable Il 


Sample 2796B: Permeability 


2796A 
Method 
Resistivity 
Index 


pip 


100 1.00 
88.1 1.39 
50.2 6.50 
15.0 8.44 


Sample 

Four-Electrode 

Brine Saturation 
r Cent of 
Volume 


Capillary 
Pressure Pe 
psi Pr 


ary Brine 
ire Per 
ved 


Capille 
Press 


7 
24.4 

x 51.6 
12 ' 19.0 
12° 2 32.5 
16° 


x)" 


, 


95.0 
56.4 


*Equilibrium saturation values 





100 


aia b., 
™ 


INDEX 


RESISTIVITY 


© SAMPLE NO 2796A FOUR-ELECTRODE MEASUREMENTS 
O SAMPLE NO.2796A TWO-ELECTRODE " % 
6 SAMPLE NO.27968 FOUR-ELECTRODE “ 
OPEN SYMBOLS: NON-EQUILIBRIUM SATURATION 
SOLID SYMBOLS: EQUILIBRIUM SATURATION VALUES 








i 
06 
BRINE SATURATION FRACTION OF PORE VOLUME 


0.2 04 08 10 


FIG. 8 — RESISTIVITY INDEX VS BRINE SATURATION. CLEAR FORK SAND 
STONE. SAMPLE NO. 2796A: PERMEABILITY 357 md; EFFECTIVE POROS 
ITY 23.6%. SAMPLE NO. 2796B: PERMEABILITY 377 md; EFFECTIVE 
POROSITY 23.6% 
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Resistivity Index as a Function of Brine Saturation, Clear Fork Sandstone 


Sample 2796A: Permeability 35 


23.6% 
23.6% 


Porosity 


Porosity 


Effective 
Effective 


md; 
md; 


A 
thod 


Sample 2796B 
Four-Electrode Method 
Brine Saturation 

Per Cent of 
Pore Volume 


» Me 
turatior Resistivity 
Index 


p/p 


Capillary 
Pressure 
psi 


lume 1 
100 

34.8 
30.5 
25.5 
17.4 
13.1 


1.00 
20.0 
29.9 
13.0 
59.1 
63.9 


sample is not contaminated by the presence of clays or other 
argillaceous matter, ‘hereby 


The data (Table IL) 


same sample. During the first run both two- and four-electrode 


complicating the measurement 
represent two independent runs on the 
measurements made. 


were The open symbols represent non 


equilibrium data points; the equilibrium data points are shown 
It is evident that the reproducibility of the 
data is good and that the four-electrode results 
with those obtained 


bv solid symbols 
four-electrode 
by the two-electrode method 


igree well 


The sample is obviously one for which the saturation exponent 


s independent of saturation 


Another type of reproducibility te 
in Table LI is illustrated in Fig. 8 
i shaly sandstone. The values of the permeability 
these 


st based on the data listed 
. Two adjacent plugs were 
drilled from 
adjacent 
determinations 


ind effective porosity for two 


samples are 


Resistivity index made for 


the 


nearly identical 


each sample with four-electrode method show good agree 


(;ood agreement also exists between the four-electrode 


ment, 


measurements and the two-electrode data taken on one of the 


samples. It appears that for both samples the saturation expo 
nent is independent of saturation at the higher brine satura 


\t 


onger 


tiens the lower saturations, however, Archie's equation is 
ipplicable This lack of be 
fact that, at the lower saturations, the resist 
This effect 
explained 
clays, and 


applicability may 


no | 


attributed to the 


ance of the core matrix itself may be important. 


noted by other investigators” and may be 


basis of conductive solids 


dal m 


been 


has 
the such as shales. 


collo 


on 


other itter capable of conducting electric current 


longer thé 


der to extend these tests to the study of core samples 


in one inch, a combined interstitial water and resis 


tivity cell similar to that shown in Fig. 2. was constructed and 


with four pairs of potential electrodes along the 
longitudinal the cell 
cell accommodates a core sample three in. long. A schemati« 
f the electrode Fig. 9 
t 1 “clean” 


provided 


is of In this new form the resistivity 


iX 


diagram o irrangement is shown in 


Consecutive ivity measurements were made on 


with the four-electrode technique, using six different 


re 
sample 
combinations of the potential electrodes. These electrode com 
binations are numbered, the spacing being 0.5 in. for combi 
nations 1 through 4. and 1] for 5 and 6. A 
two-electrode measurement across the total length of the core 
These data listed in Table IV. Fig. 10 
represents the computed resistivity indices plotted against 
saturation. The results for the two-electrode method are shown 
in Fig, 11. Both techniques yield essentially the same satura 
tion exponent. Two other interesting observations may be made 
with regard to this experiment, the first being that the data 
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was also made are 
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presented in Figs. 10 and 11 include indices computed bot! 
for equilibrium and non-equilibrium saturations. 

This indicates that, for the samples investigated, during 
resistivity index measurements it was not necessary to attain 
saturation equilibrium unless a plot of the capillary pressure 
saturation curve was desired at the same time. This observa 
tion is consistent with numerous results obtained during 
routine measurements but not reported herein. Another point 
of interest is that, for this sample at least. the brine saturation 
distribution within the sample during the desaturation process 
remains essentially uniform, as indicated by the resistivity 
measurements made on various portions of the core sampk 
lhe two observations, while coincidental in these experiments 
are of sufficient interest to deserve mention. 


CONCLUSIONS 


It is concluded, from the: foregoing comparison of the tw: 
and four-electrode methods as applied to formation resistivity 
factor and resistivity index determinations on the 60 core 
samples investigated: 

1. That, provided proper techniques are employed either 
the two-electrode or four-electrode method will yield reliable 
resistivity values. Because of the different volumes of sampk 
associated with each of the two methods of measurement, it 
possible to measure. on any one sample, two equally reliable 


CURRENT 
ELECTRODE 








POTENTIAL 


RESISTIVITY 


E . E C T R O D E 100 NON-EQUILIBRIUM ai ‘dias 


OPEN SYMBOLS 
SOLID SYMBOLS: EQUILIBRIUM SATURATION VALUES 


\ 


POROUS 
DIAPHRAGM i, 


\ 














or nm 4 ‘ roms Sar re 
02 Q4 O06 OB 10 02 04 O6 O08 10 


PRINE SATURATION FPACTION OF PORE VOLUME 


FIG. 10 — RESISTIVITY INDEX VS BRINE SATURATION. FOUR-ELECTRODE 
FIG. 9 — ELECTRODE ARRANGEMENT. LARGE CORE SAMPLE RESISTIVITY METHOD. WOODBINE OUTCROP. GAS PERMEABILITY 1130 md; EFFEC 
CELL. TIVE POROSITY 38.8% 
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100 a > ——— but nevertheless different values of resistivity. Such differences 
will be an indication of non-homogeneity of the porous matrix. 
Since essentially equal values of resistivity were observed on 
the 60 core samples included in this investigation, it is con- 
cluded that these samples are essentially homogeneous insofar 
as electrical resistivity is concerned. 








2. That, in determinations of the saturation exponent n, 


resistivity values at both equilibrium and non-equilibrium 
brine saturations may be used. 

In all resistivity measurements it is unquestionably helpful 
to use both methods on the same sample, in order to check 
one measurement against the other. This is particularly desir- 
able in resistivity index determinations. 
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Table IV Resistivity Index as a Function of Brine Saturation, Woodbine Outcrop 
Permeability 1,130 md 
Effective Porosity 38.8° 


Values of Resistivity Index 





Electrode 
Capillary Brine Saturation Four-Electrode Measurements Measurements 
Pressure Per Cent of Position** Position* Position** ‘osition* Position ** Position** osition 


psi Pore Volume l 2 


100 1.00 1.00 1.00 1.00 1.00 
93.0 1.14 1.21 1.16 ) 1.14 1.14 
82.4 1.38 1.60 1.46 5 1.48 151 
73.4 1.74 2.01 1.90 1.86 1.86 
55.1 3.84 4.25 87 3.71 3.93 3.81 
52.0 Ai 27 4.4] 4.43 
0.2 7 5. 5. 77 5.04 

44.9 ’ 7. y 63 7.09 

38.7 2: ‘ t 8. 8.94 

34.7 . 3. y 14.6 

33.8 ; 





*Equilibrium saturation values 
**Refer to Fig. 9 for location of measurement positions along sample 
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USE OF ACTIVATED CHARCOAL IN CEMENT TO COMBAT 
EFFECTS OF CONTAMINATION BY DRILLING MUDS 


B. E. MORGAN, JUNIOR MEMBER AIME, AND G. K. DUMBAULD, MEMBER AIME, HUMBLE OIL AND REFINING CO., 
HOUSTON, TEX. 


ABSTRACT 


Results of laboratory investigations of the effects of drilling 
muds on oil well cements are presented which show that 
relatively large quantities of untreated muds do not seriously 
interfere with the setting of cement slurries, but that rela 
tively small quantities of treated muds seriously retard the 
setting of cement slurries. Laboratory results also indicate that 
the harmful effects of contamination with treated muds can 
be counteracted by the addition of activated charcoal t 
cements. Alse described is the successful use of cement con 
taining activated charcoal for the placement of plugs in open 
hole after previous attempts with ordinary cement had been 
unsuccessful. 


INTRODUCTION 


The contamination of cement slurry by dilution with drilling 
mud has long been considered a cause of failure in oil well 
cementing, The cement slurry must displace the drilling mud 
from the annulus between the casing and the walls of the 
berehole, and it is probable that some mixing of the slurry 
and the mud occurs even under the most nearly ideal displace 
ment conditions. Hole enlargement, failure to center the casing 
in the hole, and formation of gel structure in the drilling mud 
increase the probability of contamination. In some cementing 


operations, such as the placement of a cement plug in open 
hole, considerable mixing of the mud and slurry is likely 
Many cement failures which can be attributed logically to no 
cause other than contamination of the cement slurry by the 
mud attest the need of a better understanding of this problem 


Considerable attention was given to the problem of mud 
contamination of cements about 20 years ago.'*** The effects 
of field mud upon cement slurries prepared with different 
amounts of mix water were investigated thoroughly, and the 
data obtained were invaluable in determining the causes of 
the high percentage of failure in oil-well cementing at that 
time and in bringing about improved cementing results. Since 
then, many aspects of the problem have changed, due pri 
marily to advancements in cement and drilling mud technology 
Today, several types of portland cement are used in well 
cementing and numerous chemical additives are used in drill 
ing muds. An excellent report on the effects of drilling mud 
additives on oil-well cements was issued during 1951 by the 
American Petroleum Institute.’ Data in the report revealed 
that many mud additives. notably organic materials in rela 
tively small amounts, produce a marked effect on the proper 
ties of cements. Prior to this time, little information has been 
available on the effects of chemicals commonly used in the 
treatment of drilling muds upon the properties of cements 
Another aspect of the problem of mud contamination of 
cements, which has received no attention heretofore, is the 
possibility of producing a cement having properties unaffected 
by a reasonable amount of mud contamination. 


In view of the need for additional information on the con 
tamination of present-day cements by currently-used drilling 


References given at end of paper. 
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the investigation described herein was initiated several 
two-fold 


muds, 


xo with a first, to determine the 


years ag purpose: 
capacity of cement slurries to tolerate contamination by both 
untreated and treated muds without loss of ability to set and 
develop strength within a reasonable time; and, second, to 
investigate the possibility of enhancing the ability of cement 
slurries to withstand mud contamination by incorporating addi- 
tives in the cement. The data for this study were obtained by 
mixing drilling mud with cement slurry and, testing the 
resulting slurry-mud mixture for rate of set and development 
of strength. Also, several materials were tested for their pos- 
sible improvement of the property of cement slurry to with- 
stand mud contamination; these materials were tested in both 


contaminated and uncontaminated cement slurries. 


Legend 

° 40% Brand A additive siow-set cement siurry cured at 175° F 
125°F 
100° F 


% Brand A normal portiand ad * ‘a 
56% Brand A nigh early strength * ? 





——— 

















° 60 
ENT OF TOTAL VOLUME 


FIG. 1 — EFFECT OF MUD CONTAMINATION ON TENSILE STRENGTHS 
OF THREE TYPES OF OIL-WELL CEMENTS. UNTREATED FIELD MUD FROM 
WELL IN FORT BEND COUNTY, TEXAS 
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LABORATORY INVESTIGATION OF MUD Che effect of contamination on the tensile strength of the 
CONTAMINATION OF CEMENTS cements was determined by adding to the cement slurries an 


Effect of Untreated Mud on the Strength untreated field mud in concentrations of 10, 20, 30, 50, and 
Development of Cements 70 per cent by volume of the total slurry-mud mixture. Given 

The first series of tests was performed to determine the volumes of cement slurry and drilling mud were mixed to 
capacity of three types of oil-well cements, i.e., highly early gether by hand for one minute and the resulting mixtures 
strength, normal portland, and slow-set, to tolerate contami- were poured into briquet molds. After the briquets were aged 
nation by an untreated mud without loss of ability to develop under water for one and for seven days, respectively. tensile 


strength within a reasonable time strength measurements were made, 


FIELD MUD - 1 FIELD MUD - 2 
(HEAVILY - TREATED) (MODERATELY- TREATED) 








Legend 
© | Day Strength 
© 7 Doy Strength 
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FIELD MUD- 3 FIELD-MUD - 4 FIELD MUD - 5 
(MODERATELY - TREATED) (HEAVILY -TREATED) (LIGHTLY -TREATED) 














TENSILE STRENGTH 





























e) 10 20 30 O 30 
MUD CONTAMINATION PER CENT OF TOTAL VOLUME 


FIG. 2— EFFECT OF MUD CONTAMINATION ON TENSILE STRENGTH OF A SLOW-SET CEMENT. MUD ADDED TO 40% SLURRY OF BRAND “A 
ADDITIVE SLOW-SET CEMENT. TEST TEMPERATURE: 175°F 
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Table I[— Treated Muds Used in Cement Contamination 


Chemicals in Mud 


Mud NaOH Quebracho Lime SAPP 


12,050 6,500 
3,175 500 
2,600 — 

2,890 


Field-1 
Field-2 
Field-: 


8,900 


3 ‘ 
4 375 7,150 
5 


Added to 7° 
0.1 
l 
2 
“Dry mixture of equal portions of quebracho, lime, and sodium c: 


»*Chemical solution of caustic-quebracho. 
Mud system changed to caustic, quebracho, lime mud 25 days p 


the 
and 


These results, presented in Fig. 1, show 
effects of mud contamination on the one-day seven-day 
tensile strengths of the three types of oil-well cements. The 
strength of the cements decreased as the mud concentration 
increased to 70 per cent of total volume. At 70 per cent mud 
concentration, all of the mixtures developed very little or no 
tensile strength. At mud concentrations less than 70 per cent 
slurry-mud mixtures prepared with the slow-set cement devel 
oped greater one-day strengths than slurry-mud mixtures pre 
pared with either the high early strength or the normal port 
land cement. For example, the slow-set cement slurry contain 
ing 50 per cent mud by total volume had a greater one-day 
tensile strength than did the high early strength and normal! 
portland cement slurries contaminated with 30 per cent mud 
by total volume. All cements tested, however, developed suffi 
cient one-day strength to produce a satisfactory set cement 
even when contaminated with as much as 30 per cent mud hy 
total volume. 


comparative 


These data indicate that the contamination of cement slur 
serious 


ries with untreated drilling mud is probably not a 
problem. 


Effect of Treated Muds on the Strength 
Development of Cements 

\ second series of tests was made to determine the capacity 
of cement slurries to withstand contamination by treated muds 
This second series of tests was divided into two groups. One 
group of tests was made using field muds obtained from well; 
drilling in the Gulf Coast area of Texas. Since it 
practical to ascertain the concentration of the chemicals in 
the field muds, another group of tests was made using labora 
tory-prepared muds treated with known concentrations of 
caustic-quebracho or starch. These two treating agents were 
selected because they are used very extensively in field opera 
tions. Pertinent data on the muds are presented in Table | 
Since chemically treated muds are generally used at depths 
where slow-set cements are required, these tests were made 


Was hot 


using a slow-set cement. 

The tests were made by mixing the muds separately in con 
centrations of 10, 20. and 30 per cent by total volume of 
cement slurry-mud mixture. and determining the strength 
development of the resulting mixtures. The slurry-mud mix 
tures were poured into briquet molds, the briquets were aged 
under water at 175°F for periods of one and seven days 
removed, and tested for tensile strength. 


Results Using Field Muds 


Data obtained by use of the field muds as contaminants 
presented in Fig. 2. indicated that the contamination of cement 
slurries with some field muds may seriously affect the cement 
job. 
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Tests 


Red 
Mud! 


Days 


Depth 
Drilling Ft 


Starch 


ed to mud system, Ib 


113 10,000 

45 10,176 

4,300 19 9,623 
79 9,931 

93.2 8,960 


19,875 


Workover job in cased hole 


Mud 1, which had been 


starch, 


Field 
quebracho, lime, and 


Addition of 10 
with 


per cent ol 


heavily treated caustic, 
retarded set so that no strength was developed at the end of 
Field Mud 4, which also had been heavily treated 
quebracho, and lime, had less effect upon early 
strength development, The addition of 10 per cent of the 
latter mud caused some reduction in one-day tensile strength. 
and the addition of 20 per cent of this mud retarded set so 
severely that no strength was developed at the end of one 
\ slurry containing 30 per cent of Field Mud 4 failed 
to set Contamination with the other 
field muds, lightly treated. 
caused less pronounced retardation of the strength develop 


one day. 


with caustic, 


day. 


even after seven days. 


which were only moderately o1 


ment of the cement. 


Results Using Laboratory Muds 


Data obtained by use of laboratory-prepared muds contain 
ing caustic-quebracho, presented in Fig. 3, showed that heav- 
retarded =the 
ustic 


caustic-quebracho mud_ seriously 
strength of but that 
quebracho muds did not seriously affect the cement. A cement 
slurry-mud mixture containing 20 per cent of a mud treated 


with two lb caustic and two lb quebracho per bbl failed to 


ily treated 


cement, moderately treated « 


et in one day, and one containing 30 per cent of this mud 
fniled to set after Slurry-mud mixtures containin: 
as much as 30 per cent mud treated with smaller concentra 
tions of these chemicals bbl of each chemical. and 
0.1 lb/ bbl of each chemical, respectively), developed reason- 


seven days. 
(one Ib 


able tensile strengths in one day. 

Data obtained by use of laboratory-prepared muds contain- 
ing Fig. 4, that muds 
seriously retarded the strength development of cement. Twenty 


starch, presented it showed starch 
to 30 per cent contamination with muds containing fresh starch 
produced slurry-mud mixtures which failed to set in one day 
All of these mixtures, however, developed reasonable tensile 
strengths after aging seven days. The fermented starch muds 
had a more pronounced effect upon the one-day strengths than 
did the fresh starch but the effects of the fermented 


starch and fresh starch muds upon the seven-day strengths 


muds, 
were about the same. 


Effect of Treated-Mud Contamination on the 
Strength Development of Different Slow-Set 
Cements 

Conventional slow-set cements are of two types: the straight 
non-additive type, in which the slow-setting property is due 
principally to the adjustment of the raw components in the 
cement clinker, and the additive type, in which the slow-setting 
property is due principally to the addition of a small amount 
material or combination of materials to the cement. 
called “retarders.” The data on 
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FIG. 3— EFFECT OF MUD CONTAMINATION ON TENSILE STRENGTH OF A SLOW-SET CEMENT. MUD ADDED TO 40% SLURRY OF BRAND “A 


ADDITIVE SLOW-SET CEMENT. TEST TEMPERATURE: 175°F. 


slow-set cement presented heretofore in this paper were ob- 
tained using an additive-type cement. Results obtained using 
one slow-set cement do not necessarily indicate that similar 
results will be obtained using other slow-set cements, because 
different retarders are used in different brands of additive 
slow-set cements and no retarder is used in straight slow-set 
cements. In view of these differences in slow-set cements, it 
seemed advisable to investigate the effect of treated-mud con- 
tamination upon the properties of several slow-set cements. 
Accordingly, slurries prepared from three additive slow-set 
cements and one straight slow-set cement were contaminated 
with a mud heavily treated with both caustic-quebracho and 
starch. The slurry-mud mixtures, containing 16.7 per cent mud 
by total volume, were aged under water at 175°F and observed 
for setting and strength development. 

rhe results, presented in Table Il, showed that two of the 
additive slow-set cements failed 175°F even after 
seven days when the slurries were contaminated with 16.7 per 
cent mud by total volume. Under similar curing conditions 
and with a like amount of contamination, the straight slow- 
set cement and one of the additive slow-set cements developed 
reasonable strength within four days. This information indi- 
cates that straight slow-set may be affected less 
severely by treated muds than some additive slow-set cements. 
The results suggest that the retarders used in slow-set cements 
may be responsible for the difference in the effect of treated- 
mud contamination on different additive slow-set cements. 
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Effect of Temperature on the Strength Development 
of Cement Slurries Contaminated with Treated Mud 
Tests wers made to determine the effect of temperature on 
the strength development of cement slurries contaminated with 
treated muds. To this end, several laboratory-prepared muds 
containing 1:1 caustic-quebracho in concentrations of 1.9, 2.8, 
3.6, and 4.3 lb of each chemical per bbl of mud were used to 
contaminate slurries of two cements. These muds were added 
to slurries of an additive slow-set cement and a straight slow- 
set cement in concentration of 16.7 per cent of total volume. 
The results of the tensile strength measurements made on 
Table Il Effect of Treated-Mud Contamination on 
Strength Development of Four Slow-Set Cements 


Mud Tensile Strength 
Contamination*® psi? 

Vol. Per Cent $ days 4 days 
\ 16.7 156 
B 16.7 0* 
( 16.7 o 
dD 10) 16.7 160 


from well in Harris County, Tex., was treated in 


‘Untreated field m ed 
lb caustic, and 10 lb pre-gelanitized 


with 


ud fr 
3 Ib quebracho, 3 
} days prior to start of tests. No odor of fer- 


laboratory 
starch per bbl of mud 
mentation noted 

Test specimens cured unde 
Additive slow-set cement 
Not to initial set at end of 7 days 
Straight sk 


r water at 175°F 


w-set cement 
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these slurry-mud mixtures after curing under water at tem 
peratures of 150, 175, and 200°F are presented in Table III 

The data showed that, as the curing temperature of the 
slurry-mud mixtures was lowered from 200°F, the retardation 
effect of the caustic-quebracho mud upon the setting and 
strength development properties was more pronounced. The 
straight slow-set cement slurry contaminated with 16.7 per 
cent mud containing 2.8 lb caustic and 2.8 lb quebracho per 
bbl developed a tensile strength of 223 psi in one day when 
cured at 200°F. The same slurry-mud mixture failed to set 
in one day when cured at 175 and 150°F. With the additive 
slow-set cement, a like retardation was noted for a similar 
composition when the curing temperature was lowered, 

The results showed also that increasing the amount of 
caustic-quebracho in the mud resulted in retardation of the 
strength development of the slurry-mud mixtures. This retarda 
tion effect was greater for the additive slow-set cement than 
for the straight slow-set cement when the mud contained mor: 
than 2.8 lb each of caustic and quebracho per bbl. For in 


LAB MUD -4 
3 LBS. PRE-GELATINIZED STARCH PER BBL 
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stance, the slurry-mud mixture prepared with the straight 
slow-set cement developed a tensile strength of 140 psi in one 
day at a curing temperature of 200°F when contaminated 
with 16.7 per cent mud by volume which contained 4.3 Ib 
caustic and 4.3 lb quebracho per bbl. Under similar test con- 
ditions, the slurry-mud mixture prepared with the additive 
slow-set cement did not set in one day and developed a tensile 
strength of only 50 psi after curing for two days. Since the 
idditive slow-set cement used in these tests was the one least 
affected by treated-mud contamination in tests presented pre- 
viously in Table II, it appears that a straight slow-set cement 
may be superior to an additive slow-set cement in its ability 
to withstand contamination by heavily treated muds. 

It is significant to note that the cement slurry-drilling mud 
mixtures developed about the same strengths after aging seven 
days, regardless of the amount of caustie-quebracho present 
in the mud. This shows that the action of the caustic-quebracho 
in the mud is one of retardation of set of the cement rather 
than reduction of ultimate strength development. 
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FIG. 4— EFFECT OF MUD CONTAMINATION ON TENSILE STRENGTH 
ADDITIVE SLOW-SET CEMENT. TEST TEMPERATURE: 175°F. 
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Table III — Effect of Temperature on Tensile Strength Development of Slow-Set Cements Contaminated with 
Caustic-Quebracho Muds 


Concentration 
of Caustic and 
Quebracho* 
lb each/bb! 


Mud 
Contamination 150°F 


Vol. Per Cent 1 day 7 days 


Brand “A” Additive Slow-Set 


173 

0 
No test made 
No test made 
Brand 


330 
330 
No test made 
No test made 
“D” Straight Slow-Set 


16.7 
16.7 
16.7 
16.7 


19 
2.8 
3.6 
4.3 


110 

0 
No test made 
No test made 


283 

358 
No test made 
No test made 


16.7 
16.7 
16.7 
16.7 


19 
2.8 
3.6 
4.3 


*In 6 per cent bentonite clay suspension. 


LABORATORY INVESTIGATION OF THE 
COUNTERACTION OF MUD CONTAMINATION 
OF CEMENTS 


The second phase of the work was undertaken in an effort 
to enhance the ability of cement slurries to withstand mud 
contamination. Data presented previously have that 
cement slurries contaminated with 30 to 50 per cent untreated 
mud (by total volume) developed sufficient one-day tensile 


shown 


strengths for a good cement job, whereas cement slurries con- 
taminated with only 10 to 20 per cent mud which was heavily 
treated with caustic-quebracho or starch failed to set within 
one day. It appeared, therefore, that the deleterious effect of 
treated-mud contamination might be eliminated if the treat- 
ing agents in the mud were rendered inactive at the time of 
contamination. It was thought that this might be accomplished 
by either the precipitation or the adsorption of the mud 
treating agents by the addition of suitable materials to the 
cement. 


Investigation of Additives to Combat Treated-Mud 
Contamination of Cement Slurries 


Preliminary tests were made for the purpose of evaluating 
the usefulness of various materials additives in 
enhancing the ability of cement slurries to withstand con- 
tamination with a mud treated with caustic-quebracho. These 
materials were tested by mixing each with dry cement ( 
straight slow-set), forming slurries by the addition of suitable 
amounts of water, and mixing the resulting slurries with lab- 


as cement 


a 


Table I\ 


Water Content 
of Slurry 
Wt. Per 


(Based on Cement) 


Substance Added Cent ary 
to Dry Cement* 

None 

None 

Calcium hydroxide 
Calcium hydroxide 
Calcium hydroxide 
Calcium hydroxide 
Activated charcoal 
Activated charcoal 
None* 

None* 

Special contact clay“ 
Special contact clay* 


cu cm Water/100 
zm Cement 

40 

1) 

43 

43 

43 

43 

43 

43 

1) 

40 

43 

43 
*Brand “D” straight slow-set cement 
>*Six per cent bentonite mud containing 
Test specimens cured under water at 
4Different bag of cement used for these tests. 
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1 day 


Cement (40 per cent slurry) 
150 
0 


330 
a3 


No test made 


No test made 
260 
305 


280 


330 
ft] 
0 

Cement 


320 

0 
(40 per cent slurry) 
345 
310 
263 
301 


151 342 
0 325 
313 


) 530 


> 


U 


oratory-prepared muds containing caustic-quebracho. The mix- 
»bserved for 
set time or tested for strength development. To determine the 


tures were then aged under water at 175°F and 


effect of each additive upon the properties of the cement slurry 
containing no mud, similar tests were made on a neat cement 
slurry containing no mud, and on a cement slurry containing 
each test additive and no mud. The materials tested included 
contact clays, bentonite, Attapulgite clays. diatomaceous earths. 
activated 
silica gels, synthetic resins, a variety of 


aluminum oxide, activated bauxites, sodium silicates, 
magnesium silicate 


carbonous substances, and numerous inorganic chemicals. 
tests that hydroxide, 


activated charcoal, and several clays showed promise in accel- 


These preliminary revealed calcium 
erating the set and strength development of cement slurries 
containing caustic-quebracho mud without appreciably affect- 
the of the 
slurry, Therefore. more detailed laboratory information was 
obtained the of these additives. The test results are 
presented in Table IV. A special contact clay, which was the 


ing strength properties uncontaminated cement 


on use 
most promising clay tested. was used in these tests. 

The results of tensile strength measurements showed that 
either calcium hydroxide or activated charcoal was more effec- 
tive in increasing the early strength of cement slurry-drilling 
mud mixtures than was the contact clay. However, pumpability 
tests that the addition of calcium hydroxide 
amount sufficient to cause early strength development of the 
contaminated slurry reduced the thickening time of the uncon- 
taminated cement On the other hand, the addition of 
sufficient activated charcoal to effect early strength develop- 


showed in an 


slurry 


Effect of Caleium Hydroxide, Charcoal, and Clay on Tensile Strength of Cement with and without 
Caustie-Quebrac 


ho Mud Added 


Mud 


lination Tensile Strength, psi 


Cent zm Storr 1 day 2 days 
331 
0 


301 


0 750 
16.7 
0 
16.7 
0 
16.7 
0 
16 
0 
16.7 
0 


090 
920 
090 
750 
950 
720 
090 
770 
920 

380 


860 


jueb 
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Table \ Effect of Various Concentrations of Acti- 
vated Charcoal on Strength Development of Cement 
Slurry Contaminated with Caustic-Quebracho Mud 

Charcoal Added Water Content 
Wt. Per Cent of Slurry Mud 
(Based on cu cm Water/100 Contamination’ Tensile Strength, psi 
Cement* zm Cement Vol. Per Cent 1 day 2 day 
0.0 10 16.7 0 0 
0.2 1) 16.7 0 0 
0.5 40 16.7 0 
1.0 10 16.7 0 
5.0 w) 16.7 108 
10.0 13 16.7 112 
20.0 50 16.7 73 
Brand “D" straight siow-set cement. 
"Untreated field mud from well in Harris County, Tex., was treated ir 
laboratory with 4 lb sodium hydroxide and 4 lb quebracho per bbl of mud 


Test specimens cured under water at 175°F 
‘Not set within 4 days. 


ment of the contaminated slurry did not change appreciably 
the thickening time of the uncontaminated slurry. Since it may 
be dangerous on some jobs to add a material which reduces 
the thickening time of cement slurry, it appeared that acti 
vated charcoal was the most promising additive of the three 
for combating the deleterious effect of cement contamination 
by muds containing caustic-quebracho. Attempts to produce a 
composition containing cement and various combinations of 
calcium hydroxide, clay, and activated charcoal which would 
be superior to a composition containing cement and activated 
charcoal were unsuccessful. 


Amount of Activated Charcoal Needed to Counter- 
act Treated-Mud Contamination of Cement Slurries 

To determine the optimum concentration of activated char 
coal to counteract the deleterious effect of treated-mud con 
tamination, slurries of a straight slow-set cement were pre 
pared and tested which contained 0, 0.2, 0.5, 1, 5, 10, and 20 
per cent charcoal by weight of dry cement. These slurries 
were mixed with a mud containing four lb caustic and four 
lb quebracho per bbl in the concentration of 16.7 per cent 
mud by total volume. The briquets were aged under water at 
175°F and their tensile strengths measured after the mixtures 
had set. 

The results, presented in Table V, showed that less than 
0.5 per cent charcoal was not satisfactory in accelerating the 
strength development of the slurry-mud mixtures. Increase of 
charcoal content up to 10 per cent resulted in increase of 
early strength. From a practical standpoint, it appeared that 
the optimum charcoal concentration was about five per cent 
for this particular charcoal. Smaller concentrations of a mor¢ 
highly activated charcoal may be used. 
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Counteraction of Contamination of Cement Slurries 
with Muds Containing Various Treating Agents 


Since it was found that the retardation of strength develop- 
ment caused by caustic-quebracho muds could be largely 
counteracted by the addition of activated charcoal to the 
cement, it was thought that charcoal might be effective also 
in counteracting the retardation effect of other mud treating 
agents, especially starch. Accordingly, tests were made to 
determine the effect of the addition of muds containing starch, 
calcium lignosulfonate, and sodium acid pyrophosphate on 
the strength development of cement slurries, and to determine 
if the addition of activated charcoal to the cement would 
counteract any deleterious effects caused by these chemicals 
in the mud. 

For this investigation, slurries were prepared with a straight 
slow-set cement, both with and without the addition of acti- 
vated charcoal, Tensile strength tests were made on the un- 
contaminated slurries and on slurries contaminated with muds 
which had been treated separately with starch, calcium ligno- 
sulfonate, and sodium acid pyrophosphate. 

The results of these tests, presented in Table VI, indicated 
the following: 

1. Muds treated with starch which had fermented seriously 
retarded the strength development of cement slurries, and 
the addition of activated charcoal was effective in counteract- 
ing contamination by su¢ h a mud. 

2. Muds heavily treated with calcium lignosulfonate se- 
riously retarded the set of cement slurries, and the addition 
of activated charcoal was effective in counteracting contamina- 
tion by muds containing calcium lignosulfonate. 

3. Muds heavily treated with sodium acid pyrophosphate 
did not cause serious retardation of the set of cement slurries. 


Effect of Activated Charcoal on the 
Pumpability of Cements 


Information presented previously has shown that the addi- 
tion of activated charcoal to a straight slow-set cement accel- 
erated the strength development of the slurry contaminated 
with treated muds without adversely affecting the pumpability 
of the uncontaminated slurry. Many of the slow-set cements 
on the market, however, are additive type cements; they obtain 
their slow-setting property by the addition of small quantities 
of organic substances. In order to investigate the possibility 
that activated charcoal might adsorb these substances in 
idditive slow-set cements and thereby reduce their pump- 


Table VI — Effect of Treated Muds on Strength Development of Cement Slurry with and without, Activated 


Charcoal 


Charcoal Added Water Content Type of Concentration 
wt. Per Cent of Slurry Treating of Treating 
(Based on cu cm Water/100 Agent Added Agent in Mud 
Cement* zm Cement to Mud" Ib/bbl 
0 40 None 0 
5 10 None 0 
0 410 Starch" 10 
5 10 Starch" 10 
10 SAPP" 5 
1) SAPP* 
40 SAPP 
40 SAPP" 
0 Lignin’ 
Ww) Lignin‘ 


cou 


Nh 


Brand “DD” straight slow-set cement 


»Untreated field mud from well in Harris County, Tex., used as base mud 


Test specimens cured under water at 175°F. 

1A pre-gelatinized starch. Mud was well-fermented when tested 
*Sodium acid pyrophosphate, commercial grade, obtained from field sampk 
‘Calcium lignosulfonate 

*Not set within 4 days 
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Added 


Mud 
tamination Tensile Strength, psi‘ 


Per Cent 1 2 days 7 days 30 days 
0 570 
0 27: 573 


16.7 
16.7 
16.7 
16.7 
16.7 
16.7 
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USE OF ACTIVATED CHARCOAL IN CEMENT TO COMBAT EFFECTS OF 


CONTAMINATION BY DRILLING MUDS 


Table VII 


Effect of Activated Charcoal on Pumpability of Cements 


Water Content 


Charcoal Added 
Wt. Per Cent 
(Based on Cement) 
“B” 0 
mM 


a 


Cement Tested 

Normal Portland 
Normal Portland 
Normal Portland 
Normal Portland 
Straight Slow-Set 
Straight Slow-Set 
Additive Slow-Set 
Additive Slow-Set 
Additive Slow-Set 
Additive Slow-Set 


Brand 
Brand 
Brand 

Brand 
-Brand “D 
Brand “D 

Brand “A 
> 


“E 
“Eo 
“I 
“| 


Brand * 
Brand “B” 
Brand “B” 


"Tested according to API Code 32 


for 8,000 ft well depth. 
»*Tested according to API Code 32 for 


14,000 ft well depth. 


ability, pumpability tests were made on two additive slow-set 
cements, one straight slow-set cement, and two normal port- 
land cements. 

The results, presented in Table VIL, showed that the thick- 
ening times of slurries prepared with the normal portland 
cements and the straight slow-set cement were not changed 
appreciably by the addition of activated charcoal. The thick 
ening time of one of the additive slow-set cement slurries was 
reduced only slightly but the thickening time of the other 
additive slow-set cement slurry was reduced quite drastically 
From these data, it appears that satisfactory cementing com 
positions containing activated charcoal may be prepared wit! 
either normal portland cements or straight slow-set cements 
but that activated charcoal should not be added to additive 
type slow-set cements without checking its effect upon the 
pumpability of the particular cement prior to its use. 

FIELD USE OF CEMENT CONTAINING 
ACTIVATED CHARCOAL 

Cement containing activated charcoal has been used in two 
field jobs for the purpose of setting cement plugs in a well 
drilling in Tyler County, Tex. Attempts to recover 150 ft of 
drill collars and bit which had left in the hole at a 
depth of 10,775 ft had been unsuccessful and it was decided to 
sidetrack around them. Four cement jobs using conventional 
slow-set cements in an effort to obtain a firm plug on which 
to set a whipstock to sidetrack the hole were unsuccessful. 
apparently due to the failure of the cement to set firmly. Soft 
cement was washed out after each job. It was thought that 
the mud in use, which was an oil-emulsion mud treated with 


been 


quebracho, caustic, and sodium acid pyrophosphate, might be 
deleteriously affecting the cement and that the addition of 
ictivated charcoal to the cement might alleviate the trouble 
The fifth cement plug was placed, therefore. with 100 sacks 
of straight slow-set cement containing 500 Ib of activated char 
coal. Twenty hours later the top of the cement plug was 
located and medium hard cement was drilled from 10,462 to 
10,476 ft. An attempt to sidetrack at this point was unsuccess 
ful. The hole was reamed and drilled to 10,525 ft and su 
cessfully sidetracked to 10.559 ft where a survey showed that 
the hole was five degrees off vertical. During subsequent drill 
ing. however, the pipe worked back into the old hole, resulting 
in the necessity of setting another plug. The next plug was 
placed with 200 sacks of straight slow-set cement containing 
500 Ib of activated charcoal. The top of the cement plug was 
located at 10.232 ft and medium hard cement was drilled to 
10.291 ft 28 hours after placement. The hole was successfull 
sidetracked at 10,305 ft and subsequently drilled to total depth 
in the new deviated hole. 

These field jobs were done on short notice and time was 
not taken to core the set cement 
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and to obtain other data 


of Slurry 
cu cm Water/100 
gm Cement 
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Thickening Time 
Schedule 5* Schedule 8» 
min hr min 


oo 50 


53 47 


30 
30 


which would have been helpful in evaluating the effectiveness 
of the activated charcoal. A more detailed program to evalu- 
ate the usefulness of cements containing activated charcoal 
in the field is planned 


CONCLUSIONS 

The conclusions reached from consideration of the informa 
tion presented may be summarized as follows: 

1. Contamination of cement slurries with untreated drilling 
mud in concentrations likely to occur in the cementing of 
wells does not seriously affect the properties of cements. The 
contamination of cement slurries with untreated field muds. 
therefore, is ,robably not a serious problem. 

2. Contamination of cement slurries with treated muds may 
cause etardation of the set of cements. This retarda- 
tion effect caused by the mixing of treated muds with cement 
slurries may result in the failure of some cement jobs. 


serious 


3. Straight slow-set cement appears to be superior to addi- 
tive slow-set cement in its ability to withstand contamination 
with treated muds. 

4. The effect caused by the contamination of 
cement slurries with treated muds is more pronounced at low 
temperatures than at high temperatures. Mud contamination 
may be more critical, therefore, in wells of moderate depth 
than in extremely deep wells. 


retardation 


5. The deleterious effects of the contamination of cement 
slurries with treated muds may be partially counteracted by 
the addition of activated charcoal to the cement. 

6. Satisfactory cementing compositions containing activated 
charcoal may be prepared with either normal portland cement 
or straight slow-set cement but activated charcoal should not 
be added to additive slow-set cement without prior checking 
of its effect upon the pumpability of the particular cement. 

7. Cement containing activated charcoal has been used suc 
cessfully in the field for the placement of two cement plugs in 
hole 


open 
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THE SLIP VELOCITY OF GASES RISING THROUGH LIQUID 
COLUMNS 
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ABSTRACT 


lhis paper presents the results of a study of the slip velocity 
of gases rising through liquids in vertical tubes, inclined tubes 
and vertical annuli. The data were obtained in gas-liquid 
which included combinations of air, propane and 
natural gas (over 97 per cent methane) with water, lubri 
cating oils, and crude oils. The 214 data points obtained in 
this study along with 1] data points reported in the literatur: 
are incorporated in an empirical correlation which relates the 
mean slip velocity of gases flowing through liquids with th 
parameters gas rate, tube size, ratio of liquid viscosity to 
liquid, density, gas density, liquid density. and the angle of 
the tube from the vertical, 


systems 


The average numerical deviation of the measured slip velo 
ity data from values obtained from the correlation is 9.2 per 
cent. The average algebraic deviation between measured and 
predicted data is 0.31 per cent, an indication that the corre 
lation is a satisfactory representation of the data. 

The correlation presented in this paper will be useful pri 
marily in the design of subsurface gas-oil separation equipment 
for increasing the efficiency of oil-well pumping installations 
but may perhaps be extended to other situations of gases ris 
ing through liquid columns. 


INTRODUCTION 


Ihe production of oil by pumping is often complicated by 
the presence of free and dissolved gas in the oil at bottom 
hole conditions. This gas can be drawn into the pump barre! 
and result in “vapor locking” the pump, thus reducing the 
efficiency of the pumping operation. Large amounts of fre¢ 
gas may be excluded from the pump by the use of a gas 
anchor. which is designed to allow the separation of free gas 
from the oil before it is drawn into the pump. The design of 
a suitable gas-anchor depends on a knowledge of the difference 
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between the velocity of the free gas and that of the oil as the 
oil travels down toward the pump intake. This rate of gas 
rise through the oil is termed “slip velocity.” 

\s a first step toward the full understanding of this prob 
lem, the mean slip velocities of gases flowing through static 
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FIG. 1 — SLIP VELOCITY APPARATUS, SCHEMATIC DIAGRAM 
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heads of liquids were measured and the data correlated. The 


correlation is presented in this paper. 


PROCEDURE AND EQUIPMENT 


In the past, a number of different techniques have been 
used to determine the rate at which gases rise through liquids. 
A dynamic method was employed by Moore and Wilde,’ which 
involved the simultaneous metered circulation of both gas and 
liquid through vertical pipes. At an arbitrarily chosen time 
interval after the start of this operation, two quick-closing 
valves, one at the bottom and the other at the top of the pipe 
being tested, were closed. The volumes of gas and liquid 
caught in the pipe were measured, and from this information 
and the known rates of flow the slip velocity of the gas was 
calculated. In these calculations it was assumed that the rela- 
tive portions of the cross-sectional area of the pipe occupied 
by the gas and liquid streams were directly related to the 
volume ratio of gas and liquid caught in the pipe. 

A semi-static method was employed by Gosline* to measure 
slip velocity. In this procedure gas was bubbled through a 
static column of liquid, and the slip velocity calculated from 
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the rise in the level of the liquid in the column. This method 
is based on an analysis of the mean specific weight of the 
mixture of gas and liquid during a gas-lift operation. The mean 
specific weight in such an operation is dependent on the spe- 
cific weights of the gas and liquid used at the conditions of 
the experiment as well as the relative quantities of gas and 
liquid present, This mean specific weight can be expressed 
in terms of the gas rate, the gas velocity, the specific weight 
of the liquid, the specific weight of the gas, and the cross- 
sectional area of the pipe. It can also be expressed in terms 
of the initial height of the liquid in the pipe, the increased 
height ot liquid in the pipe due to injection of gas, the area 
of the pipe, and the specific weight of the liquid. By equating 
these relationships the following mathematical expression for 
slip velocity is derived :* 


Brae ir.gawgst, 7; WV, 
D, AH 2A ( P >) ! | 
rhis expression represents the mean slip velocity of the gas 


rising in a static fluid column. All of the variables in this 
equation can be easily detertnined experimentally. 


(1) 


rhe studies of Wilde and Moore’ and of Gosline® provided 
considerable data for use in gas lift operations. Their studies 
covered a reasonable variety of tube sizes and liquids but did 
not provide a great deal of information in the range of low 
gas rates normally encountered in subsurface gas-oil separation 
equipment. The present investigation was conducted because 
of this lack of data. In addition to the extension of slip veloc- 
ity data into the region of lower gas rates, data were obtained 
to better define the effects.of gas and liquid properties on 
slip velocity. 

In this investigation, the experimental techniques employed 
by Gosline* were used to determine gas slippage. The experi- 
mental determination of gas slippage was investigated in 15- 
ft vertical glass columns, having reasonably uniform inside 
diameters of two, three and four in. Auxiliary equipment was 
provided for the measurement of gas rates into and out of the 
columns and for the measurement of temperatures and pres- 
sures at the bottom and top of the columns. Gas-permeable 
porous discs were installed at the bottom of the columns to 
disperse the inlet gas. The four-in. column was installed so that 
it could be tilted from the vertical in order to study the effect 
of inclination from the vertical on gas slippage. Solid rods of 
various diameters were provided for insertion in the glass 
columns to study slip velocity in annuli. A schematic diagram 
of the experimental equipment described herein is shown in 
Fig. 1. 

In the operation of the equipment, the liquid to be studied 
was first pumped into the column of interest. Gas was then 
bubbled through the liquid until it was saturated with the 
gas. At the start of an experiment the liquid height in the 
column was measured. The desired gas rate was then estab 
lished and this rate was maintained constant into and out of 
the column. During the operation the liquid rise in the column 
was measured and the temperatures and pressures at the bot 
tom and top of the column noted. Using these measured 
velocity was calculated from 


quantities, the slip 


Equation (1) 


mean 


During the slip velocity measurements visual observations 
were made of the type and character of gas bubbles formed 
in the column. A description of the flow of methane through 
the three-in. tube filled with the heavy refined oil is typical 
of the phenomena observed. In this case, at low gas rates 
(0.09 Mef/D) bubbles of varying size rose slowly as flattened 
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Table 1 — Properties of Liquids Used in Slip Velocity 


Study 


Density at 60°F Viscosity at 80°F 
Liquid Ib/cu ft cp 


Water 62.4 0.87 
Light refined oil 53.9 33.1 
Heavy refined oil 56.4 159 
Light crude oil 58.5 924 
Heavy crude oil 62.1 16,000 


spheres. At higher gas rates (0.37 Mcf/D) some of the larger 
bubbles became umbrella-shaped. The umbrella spread to the 
diameter of the tube and developed a tail to give a bullet 
shaped appearance when the gas rate was increased to 1.12 
Mcf/D, At still higher gas rates (around 11.15 Mcf/D) alter 
nate slugs of gas and liquid occupied the tube. In the course 
of the foregoing observations, it was also estimated by a semi 
quantitative material-balance technique that the mean slip 
velocities measured represented the slip velocity of over 99 
volume per cent of the gas present. The remaining one per 
cent, or less, of the total gas was in the form of smaller 
bubbles which had no measurable slip velocity. 


SCOPE OF WORK 


\ total of 214 data points giving the rate at which gases 
slip through liquids was obtained. These data were determined 
in vertical tubes, in inclined tubes, and in vertical annuli 

Three gases were utilized in this investigation: 

1. Natural gas (over 97 per cent methane) 
2. Air 
3. Propane (Phillips Technical Grade) 

The liquids employed in conjunction with the various gase 
are listed together with other pertinent data in Table I. 

In the course of this investigation, the following process 
variables were studied: gas rate, gas density, tube diameter 
liquid density, liquid viscosity, gas dispersion, disc perme 
ability, inclination of tube from the vertical, average tube 
temperature, and average tube pressure. The effects of all of 


Table Il — Ranges of the Experimental Data 


Range 


Variable Minimum Maximum 


Gas rate, Mcf/D at average tube conditions 0.0187 39.366 
Gas density, lb/cu ft at average tube conditions 0.0426 0.7066 
Tube diameter, in. 
Open tube 2 
Annuli on equivalent tube basis* 2.79 3.97 
Liquid density, lb/cu ft at average tube conditions 53.9 62.4 
Liquid viscosity to density ratio, cp 
at average tube conditions 0.0103 181.9 
Ib/eu ft 
Gas dispersion disc permeability, md 2,000 
Inclination from vertical, degrees 45 
Temperature at average tube conditions, °F 104 
Pressure at average tube conditions, psia : 83 


*D,. = V D.* -D;’ 
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MEAN SLIP VELOCITY, FT/SEC 


FIG. 3 — MEAN SLIP VELOCITY OF GASES THROUGH LIQUIDS. 


these variables were investigated over the ranges summarized 
in Table II. These data are tabulated in detail in Tables ITI 
ind I\ 


CORRELATIONS 


In the correlation of the data over the operating ranges 
investigated, it was found that the gas rate and the tube or 
pipe size had the greatest effect on the gas slip velocity. The 
effects of such other variables as liquid viscosity, liquid den 
sity, gas density, and angle of tube from the vertical were 
relatively minor in comparison. The effects of temperature 
and pressure on the system were exhibited as changes in the 
physical properties of the gas and liquid used so it was not 
necessary to consider temperature or pressure in the correla- 
tion as specific physical properties. Gas dispersion disc per- 
meability had no measurable effect on slip velocity over the 
range of permeabilities from 58 to 2,000 md, so it was not 
utilized in the correlation of data. 

Fig. 2 presents a correlation of slip velocity with tube size 
and gas rate. For the data plotted all other variables were 
constant. An excellent correlation is shown. This graph in- 
cludes, in addition to the data obtained from Table II for 
two, three, and four-in, tubes, a plot for a six-in. tube calcu- 
lated from data obtained by Gosline.’ Similar plots were also 
made relating gas rate to slip velocity using angle of inclina- 
tion, gas density, liquid density and liquid viscosity-to-density 
ratio as correlating parameters. As in Fig. 2. all other variables 
except those correlated were held constant. None of these 
variables affected slip velocity as significantly as tube size. 
All of these individual plots were then combined to produce 
the final correlations shown in Figs, 3 and 4. In the correlation, 
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Table I1| — Open Tube Gas Slippage Experiments and Results 


Tube Size, Tube Tilt Gas Rate Temperature Average Pres Density, Ib/cu ft** 
In. From Vertical Mef /D** sure, psia Gas Liquid 


a 


4.0 0 0.0818 7 16.5 0.0485 
4.0 0 1.9062 16.4 0.0475 
4.0 0 5.1112 2 16.4 0.0475 
4.0 0 9.4335 16.9 0.0490 
4.0 0 12.6029 7 24.7 0.0726 
4.0 20.5 0.0298 >. 0.0449 
1.0 20.5 0.5518 0.0465 
4.0 20.5 2.5507 0.0460 
4.0 ; 3.7548 16.8 0.0480 
4.0 5 6.5591 2 ).9595 
4.0 BS 0.0377 0.0463 
4.0 . 0.5080 7 0.0449 
4.0 5. 1.9125 2 0.0459 
4.0 5. 3.2537 : ).0474 
4.0 “ 6.3000 2 0.0576 
4.0 . 0.0222 , 5.3 0.0435 
4.0 ‘ 0.6668 9.8 0.0460 
4.0 1.6104 0.0448 
4.0 . 2.1485 0.0452 
4.0 2.9507 9.8 0.0460 
4.0 : 5.8192 0.0540 
4.0 7.1592 2 4 ),.0616 
3.0 0.0173 7 ; 0.0430 
3.0 0.0412 15. 0.0453 
3.0 0.0429 3 15.7 0.0449 
3.0 0.0704 0.0448 
3.0 0.1015 15.8 0.0453 
4.0 0.1553 7 0.0508 
3.0 0.2055 9.8 0.0454 
4.0 0.2624 5.8 0.0451 
3.0 0.4051 0.0482 
0.4155 5 ).0472 
1.2207 ; 0.0465 
1.7953 7 5.8 0.0449 
2.3237 5 0.0467 
2.8945 7 , 0.0457 
3.1379 7 2 0.0459 
4.0147 3 0.0467 
16.0050 ; 0.0698 
06.0130 0.2368 
0.0133 } 8 0.1284 
0.0279 32. 8 0.0922 
0.0320 7 5.6 0.0465 
0.0796 3 0.1270 
0.1192 4.3 0.0964 
0.1970 3 0.1816 
0.2692 33 0.0950 
0.3785 } 0.1292 
0.4696 } 0.0966 
0.5457 0.2359 
05554 7 5 0.0462 
0.5934 3g } 1817 
0.7688 ri 15 0.0463 
0.8674 i) 3 0.1284 
0.9397 7 83.8 ).2374 
0.9804 53.8 0.0950 
1.1018 3 0.1820 

1.2339 t 0.2 
1.4322 7 0.1814 
1.4444 ; 0.0972 
1.7486 15 0.0462 
1.8811 ).1332 
4.4634 - 15.1 0 0446 
0.1361 ) () 0458 
0.5952 f 0.0466 
1.1827 19.0 0.0553 
1.8452 : 0.0479 
2.8660 16 0.0492 
3.7503 1.0505 
4.3333 ; 17 1.0520 
7.8713 19,2 0.0562 
0.2785 16.0 0.0456 
0.5187 165 0.0498 
0.8712 16.9 0.0483 
1.0162 ; 17.5 0.0528 


1.2975 3 18.6 ).0562 
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Liquid Vis- 


cosity, cp** 


0.92 
0.84 
0.84 


0.96 
0.65 


Vol. 


Slip Velocity 
ft/sec 


0.92 
1.44 
2.29 
2.96 
4.08 
0.79 
1.58 
2.06 
2.52 


3.00 
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Table Ll (Continued ) 


Tube Size, Tube Tilt Gas Rate Temperature Average Pres- Density, Ib/cu ft** Liquid Vis- Slip Velocity 
Liquid ; In. From Vertical Mcf /D** } sure, psia Gas Liquid cosity, ep** ft/sec 


Lt. Ref. Oil at. Gas* 3.0 0 1.4229 2 16.0 0.0456 
. Ref. Oil at. Ge 3.0 0 1.5993 20.3 0.0611 

. Ref. Oil I . Ge 3.0 0 2.5152 92 16.1 0.0461 

. Ref. Oil at. Gas* 3.0 0 2 92 16.5 0.0471 
t. Ref. Oil at. Ge 3.0 0 5.803 ) 17.6 0.0518 
. Ref. Oil at. 3.0 0 7.2325 ) 19.0 0.0558 

. Ref. Oil . Ga 2.0 0 0.0310 3 16.8 0.0468 

. Ref. Oil at. Ge 2.0 0 0.0419 82 16.0 0.0466 
Ref. Oil ; 2.0 0 0.7981 82 16.7 0.0485 

. Ref. Oil . Gas* 2.0 0 1.1799 8 16.0 0.0465 

- Ref. Oil Ga 0 1.9175 83 16.0 0.0465 

. Ref. Oil . Gas* 0 2.9940 | 0.0426 

. Ref. Oil . Ga 0 3.9510 5 0.0437 

. Ref. Oil t 3 0 4.9689 80 7 0.0498 

. Ref. Oil at. Gas* > 0 5.3572 8 0.0479 

. Ref. Oi) at. 2. 0 6.1310 0.0469 
Ref. Oil at. 0 6.5650 8 7.3 0.0508 

t. Ref. Oil . Gi 0 7.1776 7 0.0514 
. Ref. Oil . Ga 0 7.8880 7.7 0.0499 
4. Ref. Oil . Gi 0 10.9190 0.0631 
. Ref. Oil . Gi 0 29.8850 95 0.0563 

. Ref. Oil . Gi 0 39.3660 0.0698 
Hvy. Ref. Oil Nat. Gas* 0 0.1513 0.0478 
Hvy. Ref. Oil Nat. Gas* 0 0.1588 ( 0.0469 
Hvy. Ref. Oil . Gi 0 0.4421 ( 0.0512 
Hvy. Ref. Oil Nat. Gas’ 0 1.7420 1.0494 
Hvy. Ref. Oil Nat. G: 0 89: 80 0.0470 
Hvy. Ref. Oil . Gi 0 2.2771 ( 2 0.0481 
Hvy. Ref. Oil Nat. ° 0 2.825 f 0.0471 
Hvy. Ref. Oil é 0 5 5 ( 7 0.0533 
Hvy. Ref. Oil Nat. Gz 0 7.6235 if 0.0578 
Hvy. Ref. Oil as* 0 0335 0.0474 
Hvy. Ref. Oil Nat. . i 0 155: ; 0.0474 
Hvy. Ref. Oil Nat. Gas* 0 ’ 0.0482 
Hvy. Ref. Oil Nat. ? 0 4385 i¢ 7 0.0532 
Hvy. Ref. Oil Nat. Gas* 0 r ) 5 0.0470 
Hvy. Ref. Oil Nat. Gas* 0 67 i¢ 2 0.0612 
Hvy. Ref. Oil Nat. G: 0 2.3: 2 5 0.0470 
Hvy. Ref. Oil Nat. ° 0 } 5 0.0471 
Hvy. Ref. Oil Nat. Ge 0 7 0.0507 
Hvy. Ref. Oi] Nat. Gz 0 6.8819 ) 7.3 0.0518 
Hvy. Ref. Oil Nat. G: 0 0.0446 ‘ 0.0479 
Hvy. Ref. Oil Nat. G: 2. 0 0.0837 ; 0.0479 
Hvy. Ref. Oil Nat. Ge 0 0.3163 0.0478 
Hvy. Ref. Oil Nat. Ge 0 1.4912 i 0.0478 
Hvy. Ref. Oil Nat. Gz 0 4.5597 ) 5 0.0465 
Hvy. Ref. Oil Nat. Gz 0 6.8953 7 0.0517 
Lt. Crude Oil Nat. Gas* 0 0.0255 8 2 0.0464 
‘rude Oil Nat. Gz 0.2077 8 2 0.0466 
‘rude Oil Nat. G 8 0.0528 
‘rude Oil Nat. G 0.0464 
crude Oil Nat. 0.0470 
Cr. Oil = Nat. 0.0165 
Cr. Oil Nat. Ge . 0.4039 0.0462 
-Cr. Oil Nat. Gas* . 0.9201 0.0462 

. Cr. Oil Nat. Gas* 1.4600 0.0461 
.Cr.Oil Nat. Gas* J 1.8404 0.0461 
.Cr. Oil Nat. t 2.0586 0.0460 
Cr. Oil Nat. Gz . 4.8847 0.0511 
-Cr. Oil Nat. Gas* ; 8.6519 0.0652 
.Cr. Oil Nat. Gas* . 9.8006 f 7 0.0804 
Water . 0.3122 l 0.0844 
Water Air . 3.6123 ] 7.7 0.0890 
Water Air . 4.5410 : 0.0950 
Lt. Ref. Oil Air 0.1585 86 5 0.0785 
Lt. Ref. Oil Air 1.7225 ; 0.0789 
Lt. Ref. Oil Air Y 2.6763 83 0.0820 
Hvy. Ref. Oil Air ; 0.0295 0.0819 
Hvy. Ref. Oil Air 1 0.1380 ) ; 0.0820 
Hvy. Ref. Oil Nir y 1.2096 ) 16.3 0.0820 
Hvy. Ref. Oil Air . 1.6820 16.4 0.0827 
Hvy. Ref. Oil Air ’ 3.8836 17.7 0.0885 
Hvy. Ref. Oil Air q 6.3202 8 21.1 0.1054 
Water Propane . 0.0756 8 16.6 0.1268 
Water Propane 2.7218 , 17.9 0.1365 
Water Propane 3.4777 80 18.8 0.1431 


Soe eae hetinniniii ey 


Vol. 195, 1952 PETROLEUM TRANSACTIONS, 





T.P. 3394 THE SLIP VELOCITY OF GASES RISING THROUGH LIQUID COLUMNS 


Table Il] — (Continued) 


Tube Size, Tube Tilt Gas Rate Temperature Average Pres- Density, Ib cu ft** Liquid Vis- Slip Velocity 
Liquid Gas In. From Vertical Mcf/D** F sure, psia Gas Liquid cosity, ep** ft/sec 


Water Propane 4.0 3.6331 7 18.8 0.1434 62.3 0.88 
Water Propane 2.0 0.0080 : 84.9 0.6741 
Water Propane 2.0 0.0585 83.6 0.6828 
Water Propane 2.0 0.0702 82.8 0.6575 
Water Propane 2.0 0.1968 83.6 0.6878 
Water Propane 2.0 0.2973 83.8 0.6654 
Water Propane 2.0 ).32: 83.6 0.6872 
Water Propane 2.0 377 83.3 0.6847 
Water Propane 2.0 429% : 83.1 0.6598 
Water Propane 2.0 5212 k 83.1 0.6598 
Water Propane 2.0 535! : 82.7 0.6567 
Lt. Ref. Oil Propane 4.0 Si 16.3 0.1221 
Lt. Ref. Oil Propane 4.0 , : 16.0 0.1226 
Lt. Ref. Oil Propane 4.0 1.3167 7: 16: 0.1233 
Lt. Ref. Oil Propane 4.0 4.5151 ‘ 19, 0.1470 
Hvy. Ref. Oil Propane 4.0 0.0303 16. 0.1236 
Hvy. Ref. Oil Propane 4.0 0.1478 16. 0.1228 
Hvy. Ref. Oil Propane 4.0 1.3167 16. 0.1231 
Hvy. Ref. Oil Propane 4.0 1.4607 ‘ 16. 0.1238 
Hvy. Ref. Oil Propane 4.0 3.4625 7.7 0.1334 
Hvy. Ref. Oil Propane 4.0 5.5106 J 0.1635 
Hvy. Ref. Oil Propane 2.0 0.1997 .7 0.1997 
Hvy. Ref. Oil Propane 2.0 0.3814 3. 0.3814 
Hvy. Ref. Oil Propane 2.0 0.4461 . 0.4461 
Hvy. Ref. Oil Propane 2.0 0.5121 83. 0.5121 


| eh oth tg 


*Over 97% Methane. 
**Measured at conditions of temperature and pressure specified in the table 


Table [TV — Annuli Gas Slippage Experiments and Results 


Tube 
ae Equivalent Tilt Liquid Slip 
Annuli Dimensions* Open Tube From Gas Rate Tempera- sssure Density, Ib/cu ft*** Viscosity Velocity 
Liquid Gas OD, In. ID, In. Size, In. Vertical Mcf/D*** ture, °F Gas Liquid ep*** ft/sec 


Water Natural Gas** 4.0 0.50 39 0° 0.0279 91 ‘ 0.0461 62.1 0.75 0.78 
Water Natural Gas** 1.0 0.50 3.9 0 0.2551 92 ; 0.0464 62.1 0.74 1.02 
Water Natural Gas** 4.0 0.50 3.9 0 0.8197 93 i 0.0488 62.1 0.73 
Water Natural Gas** 4.0 0.50 3.9 0 1.7861 103 5 0.0461 62.0 0.65 
Water Natural Gas** 4.0 0.50 3. 0 2.2252 103 ' 0.0464 62.0 0.65 
Water Natural Gas** 4.0 0.50 3: 0 2.6382 104 7 0.0468 62.0 
Water Natural Gas** 4.0 0.50 3: 0 2.6561 93 5 0.0472 
Water Natural Gas** 4.0 l. 0 0.0425 90 5 0.0447 
Water NaturalGas** 4.0 l. 0° 0.1150 90 5 0.0447 
Water NaturalGas** 4.0 1. 0 0.3302 90 7 0.0450 
Water Natural Gas** 4.0 1. ‘ 0 .1327 90 5 0.0447 
Water Natural Gas** 4.0 1. 3. 0 7875 90 7 0.0450 

l. 

l 

l. 

l. 

l. 





Water Natural Gas** 4.0 0° 2.40: 90 0.0458 
Water Natural Gas** 4.0 0 2.875 90 0.0458 
Water Natural Gas** 1.0 0 : 90 0.0486 
Water Natural Gas** 4.0 0 5 90 0.0544 
Water Natural Gas** 4.0 0 90 21, 0.0620 
Water Natural Gas** 4.0 2.0 0 0.0280 99 0.0460 
Water Natural Gas** 4.0 2.0 0 0.0289 95 0.0467 
Water Natural Gas** ~4.0 2.0 0 0.1756 99 0.0464 
Water Natural Gas** 4.0 2.0 0 0.3460 96 0.0472 
Water Natural Gas** 4.0 2.0 0 0.6135 101 0.0476 
Water NaturalGas** 4.0 2.0 0 0.7529 97 7.3 0.0490 
Water NaturalGas** 4.0 2.0 0 0.8827 2 0.0461 
Water Natural Gas** 4.0 2.0 0 1.5212 7 5 0.0468 
Water Natural Gas** 4.0 2.0 0 1.5889 0.0466 
Water Natural Gas** 1.0 2.0 0 2.1307 r 7 0.0472 
Water NaturalGas** 4.0 2.0 0 2.1434 2 7 0.0468 066 
Water Natural Gas** 4.0 2.0 0 2.7911 2 0.0473 2. 0.66 
Water Natural Gas** 4.0 2.0 0 2.9434 0.0477 0.69 
Water Natural Gas** 3.0 1.1 0 0.5422 0.0465 a: 0.79 
Water Natural Gas** 3.0 ll 0 1.0601 5 : 0.0470 25 0.81 
Water NeturalGas** 3.0 1.1 0 1.4839 5 3 0.0470 as 0.81 
Water Natural Gas** 3.0 1.1 0 1.5847 2 0.0465 2.5 0.76 

1.1 

1 

Ll 


aD 
RRRRRRSRRRK 


RVViiNNNNWW 


DAD 
NmMMNMh 


eBoy 


Water Natural Gas** 3.0 0 1.9768 0.0480 2.2 0.80 
0 2.0670 3 0.0469 as 077 
0 2.8481 7 0.0480 2 0.82 
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Water Natural Gas** 3.0 
Water NaturalGas** 3.0 


*Equivalent Open Tube Size = \/ (OD)? - (ID)? 
**Over 97% Merhane 
***Measured at conditions of temperature and pressure specified in the table 
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most of the data were found easily resolvable to correlations 
of the type shown in Fig. 2, so no mathematical analysis of 
the data was attempted. Extrapolated portions of data are 
represented by dotted lines. 

Fig. 4 is an expansion of that portion of Fig. 3 used to 
determine the slip velocity in the range below 7.5 ft/sec 
Consequently, the effects of the different variables in this 
region, corresponding to low gas rates, may be presented 
greater detail. The emphasis on this region of the chart by 
means of the expansion is reasonable since 208 of the 214 
experimental data points used for correlating purposes are 
included in Fig. 4. 

Fig. 3 presents slip velocity values as high as 24.0 ft/se 
However, these high values are based on a limited amount of 
experimental evidence. This chart is useful primarily for sys 
tems having relatively high slip velocities and to obtain roug! 
values of systems having low slip velocities. In both Figs. 3 
and 4, the data for the six-in. columns were taken from the 
investigation reported by Gosline.’ 

Temperature and pressure changes affect the measured phy 
sical properties of gases and liquids. As presented in this 
paper, the slip velocity of gases through liquids has been 
correlated with the various parameters at the temperaturé 
and pressure of measurement. Since the effects of temperature 
and pressure on slip velocity are included in the changes in 
the physical properties exhibited by the gases and liquids 
used, the correlations in Figs. 3 and 4 are deemed usable at 
temperatures and pressures outside the ranges given in Table 
II, provided that the physical properties of the gas and liquid 
involved at the temperatures and pressures in question fall 
within the limits covered for these variables in this investiga 


tion. From the data in Table IV it was found that slip 
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FIG. 4— MEAN SLIP VELOCITY OF GASES THROUGH LIQUIDS 
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FIG. 5— DEVIATION OF DATA FROM THE CORRELATION. 


velocities in annuli were related to slip velocities in tubes 
by the tube equivalent diameter. This diameter is defined as 
the diameter of an open tube of cross-sectional area equal to 
the annulus cross-sectional area, or 

dD, Wore « «> roar: | 
Slip velocities in — can thus be obtained by using the 
correlation in Figs. 3 and 4 along with the relationship shown 
in Equation (2), The equivalent tube diameter is calculated 
from Equation (2) and this tube diameter is then used in 
Figs. 3 and 4 for the prediction of slip velocity. 

The overall accuracy of the correlation representing the 
experimental data from this investigation is demonstrated by 
a value of 9.2 per cent for the average numerical deviation 
between measured slip velocities and those predicted from the 
correlation obtained from these same measured values. The 
average algebraic deviation between measured and predicted 
slip velocities of +0.31 per cent indicates that the correlation 
is a reasonable representation of the data obtained. A further 
evaluation of the correlation accuracy is demonstrated by the 
error distribution chart presented in Fig. 5. This chart shows 
that 71.2 per cent of the measured slip velocities fall within a 
+10 per cent deviation from values predicted by the chart and 
that the errors fall approximately on a normal distribution 
curve. 


APPLICATIONS 


In the use of the correlation presented in Figs. 3 and 4, it 
should be emphasized that the numerical values of the vari- 
ables used in the correlation must correspond to the conditions 
actually existing at the locale where the slip velocity is to be 
be determined. Where the properties of the gas and oil of 
interest are known only at well-head conditions, these proper- 
ties must be corrected to those existing at bottom-hole condi- 
tions in order to predict slip velocity at the bottom of a well. 

The procedure which should be used to determine the mean 
slip velocity from the correlation in Figs. 3 and 4 is illustrated 
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by the following exampie. Let us assume that calculated con 
ditions, at some depth, x, in a well, result in the following 
values: 


Gas rate 4 Mcf/D under conditions at level x 
Ib ‘cu ft 
1 lb/cu ft 


Tubing size = 4 in. 

' cp 
Viscosity-density ratio ( ) =§ 

Gas density = 

Liquid density = 50 Ib/cu ft 

Inclination of tube from vertical 15 
The determination of the mean slip velocity from Fig. 3 using 
the parameters given above can be accomplished by following 
the directionally indicated dashed line on Fig. 3. This pro 
duces a mean slip velocity of 1.5 ft/sec, By following the same 
procedure on Fig. 4 a somewhat more accurate slip velocity 


of 1.58 ft/sec is obtained. 
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THE SLIP VELOCITY OF GASES RISING THROUGH LIQUID COLUMNS 


NOMENCLATURE 


Cross sectional area of the tube, sq ft 

Viscosity in centipoise 

Equivalent tube diameter, in. 

Inside diameter of annulus, in. 

Density of liquid, Ib/cu ft 

Outside diameter of annulus, in. 

Static liquid level. ft 

Increment in liquid level due to the presence of 
flowing gas, ft 

Pressure in the tube, psia 


10.72 
Perfect gas law constant, 


molecular wt 


lemperature in the tube, “R 
Average slip velocity, ft/sec 
Mass rate of gas flow. lb/sec 
Sottom of tube 

Top of tube 


Subscript ] 
Subscript 2 = 
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y * Doi £ of Things 


New Name for the Institute? 


Should the name of our Institute be 
changed? Perhaps one . should say. 
should it again be changed, for until 
1919 the name was the American Insti- 
tute of Mining Engineers. When the 
American Institute of Metals joined our 
ranks we became the American Insti- 
tute of Mining and Metallurgical Engi- 
neers. To make it a full mouthful, and 
strictly legal, one should add the word 
“Incorporated.” 


At the June meeting of the Board of 
Directors it 
name was not a particularly happy one, 
especially so far as members of the 
Petroleum Branch, comprising a quar- 
ter of our membership, were concerned. 
It did not seem particularly appropriate 
as the name for the professional society 
for petroleum engineers. Apart from 
the petroleum group, the present name 
is felt by some not to be sufficiently 
geologists and 


was suggested that this 


comprehensive, most 
many metallurgists and fuel technolo- 
gists, for instance, are not engineers. 
They could never qualify as registered 
professional engineers under the licens- 
ing laws and yet they are valued and 
fully qualified members of the AIME. 


The directors, at the June meeting. 
thought the idea of a change in name 
should be presented to the membership 
for discussion, and suggested this col- 
umn as the avenue of approach. 


Nine years ago Dean Steidle. of Penn 
State, recommended among other things 
that the name of the Institute be 
changed to “American Institute of Min- 
eral Technologists and Engineers.” In 
an editorial in Mining and Metallurgy 
in January, 1944, objection was offered 
to this name but “American Institute of 
Mineral Engineers” was suggested. A 
special committee appointed by the 
Board to review Dean Steidle’s sugges- 
tions (W. B. Heroy was chairman) sug- 
gested that if the AIME were starting 
from scratch, the American Institute of 
Mineral Engineers might be a_ pre- 
ferred name. It was not thought that 
the change suggested by Dean Steidle 
was one of major importance, and the 
comment was made that “the present 
name has gained prestige through many 
years and is cherished by our member- 
ship. An important element of ‘good 
will’ is attached to it and some of this 
would be unquestionably sacrified by 


any change.’ 


September, 1952 





as followed by EDWARD H. ROBIE 


Secretary AIME 








In Mining and Metallurgy for Febru- 
arv. 1945, Oliver ¢ 
the derivation of the terms mineralogy 


Ralston went into 
and metallurgy, and pointed out that 
both Mining and Metallurgical means 
“digging.” etymologically. He went on 
to show with tongue in cheek that if we 
want a short and all-inclusive name it 
should be Institute of Gee 


euphony. Geolurgists 


Americar 
urgists, or, for 
Oliver's brilliant development seems to 
have been received with speechless 
wonder! 

Should a decision ever be made to 
change the name, we think most mem 
ers will agree that the American Insti 
tute of Mineral Engineers is to be pre 
ferred over anything vet suggested 
“Mineral” has become, through usage 
a much broader term than is indiceted 
in the dictionary. Webster states that 
a mineral, in the true sense. must be 
inorganic, but Murray’s Oxford English 
Dictionary seems more liberal, defining 
which is 


“mineral” as any substance 


obtained by mining: a product of the 
bowels of the earth: and “mineral oil” 
as any oil of mineral origin, as petro 
leum or shale oil. Certainly “the min- 
taken to 
include those activities based upon pro« 


eral industry” is ordinarily 


essing all the metallic and nonmetalli: 
ores and deposits found in the ground 


{ 


including the fuels. One advantage of 
this title is that the familiar abbrevia 
tion, “AIME” need not be changed 

But if the petroleum engineers are 
the ones to be chiefly considered in 
revising the name of the Institute, it is 
by no means certain that they would 
feel they are much more adequately 
recognized in a group of Mineral Engi 
neers than in a society of Mining and 
Metallurgical Engineers. And then there 
remain, of course, the considerable num 
ber of professional members of the 
Institute who are not engineers at all 

Comment from readers is invited 
labors of Love 

Few members of the 


stop to think of the time 


Institute ever 
theught, and 
money that is given freely and gen 
erously by hundreds of members to 
their professional society. A good part 
of the year of the president is devoted 
to traveling about the country for the 
society, to attending meetings, and to 
reviewing matters on which his counsel 
is needed. Most of the directors, par 
ticularly those who are able to come to 


frequent meetings, also take their jobs 
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seriously. Branch, Division, and Local 
Section Officers, particularly chairmen 
and secretaries, find that many hours a 
required, which usually 
means that much less leisure time at 
home. Several hundred members serve 
on Institute committees, which may re- 
quire scarcely any time or may require 
a day’s work a month. Such committees 
as the Admissions Committee and the 
various Technical Publications commit- 


month are 


tees are among the more active and 
hard-working groups. Many who are not 
on any committee still find they are 
called on for work. Such, for instance, 
are those especially skilled in specific 
fields who are asked to review critically 
technical papers submitted for the 
Transactions. 

It is true that most of those who thus 
contribute to the work of the Institute 
benefit themselves by so doing, by 
widening their knowledge and_ their 
circle of friends and acquaintances in 
the profession, but for most this is a 
byproduct of their work and not the 
their acceptance of such 
professional Many of 
our workers are at or near the top in 
their companies, so added recognition 
work means little to 


reason for 
responsibility. 


from Institute 
them. 

Undoubtedly no living member of 
the Institute has given more of his time 
to its affairs, or has been a more dili- 
gent. able, and devoted a guardian of 
its material well-being, and supporter 
of its traditional purposes and tenets. 
than Erle V. Daveler, who retired from 
the board last February after 23 full 
years of service as a director. For nine 
years he was vice-president. He served 
as chairman of both the Executive and 
Finance Committees of the Institute, 
and is still chairman of its Committee 
on Investments. Before coming to New 
York he served on professional com- 
mittees and contributed to the Trans- 
actions, 

Such men as Erle Daveler, and con- 
spicuously he, have brought the AIME 
to its present stature. 

At the suggestion of the board, Presi- 
dent Haider recently transmitted to him 
a letter of appreciation. In replying he 
said, “Il have always considered it a 
deep privilege to serve the Institute, 
and through my association with it there 
have resulted friendships with the fin- 
est group of men I know of in any 
organization, who all unselfishly have 
x * * 


served it.” 
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Election for 1953 Branch Chairman Being Conducted 


Members are now voting by letter ballot on Claude R. Hocott 


and Paul Weaver for the highest Petroleum Branch office. Other 


officers on the Nominating Committee slate were elected Aug. 15. 


For the first time in a number of 
years, the Petroleum Branch is conduct- 
ing an election between two nominees 
for the office of Branch Chairman for 
1953. A group of AIME members nomi- 
nated Paul Weaver of Gulf Oil Corp. 
in Houston for the chairmanship, and 
this necessitates an election between 
Weaver and Claude R. Hocott of. Hum- 
ble Oil and Refining Co. in Houston, 
who was nominated by the Branch Nom- 
inating Committee. The nomination of 
Weaver was made in accordance with 
the Branch Bylaws, which specify that 
the official slate of the Nominating 
Committee will be published in the 
June issue of JouRNAL oF PETROLEUM 
TECHNOLOGY and other nominations for 
any position may be submitted by ten 
members until August 15. When other 
nominations are not made by August 
15 the Nominating Committee’s slate 
will be declared elected. 

The Branch Bylaws specify that such 
an election as required in this case 
will be conducted by letter ballot, and 
in compliance with this provision, a 
ballot was mailed to all Petroleum 
Branch members in the United States. 
Canada and Mexico on Sept. 8. The 
deadline for returning the ballot is 
Sept. 27. 

By the absence of other nominations, 
other officers on the Nominating Com- 
mittee slate were elected on Aug. 15. 
These are John P. Hammond, Amerada 
Petroleum Corp., Tulsa; and Basil P. 
Kantzer, Union Oil Co., Los Angeles, 
who will serve as Vice-Chairmen during 
1953. Thomas A. Atkinson, General Pe- 
troleum Corp., Casper; and Roland P. 
Gouldy, Hull-Silk Repressuring 
ciation, Wichita Falls, were elected for 
three-year terms on the Executive Com- 
mittee from February, 1953 to Febru- 
ary, 1956. 

Incumbent Chairman Paul R. Turn- 
bull appointed a Tally Committee of 
D. V. Carter, Magnolia Petroleum Co.. 
Sam N. DeWitt, Century Corp.. and 
A. S. Rhea, all of Dallas. This com- 
mittee will count the ballots on Sept. 


Asso- 


September, 1952 


29 and the results will be announced 
at the Welcoming Luncheon in Houston 
on Oct. 1 and in the October Tecu 
NOLOGY. 

The nomination of Paul Weaver was 
made by some of his associates as a 
tribute to him before his anticipated 
retirement from business life within the 
next few years. He 
and reared in Kentucky, then gradu 
ated with a BS from Columbia Univer 
sity in 1908. For a number of years he 
was engaged in geological work for the 


was born in 1888 


U. S. Survey and private companies, 
then from 1915 to 1926 he served as 
geologist and chief geologist for two 
oil companies in Mexico. From 1926 to 
1951 he was geophysicist and chief geo- 
physicist for the Houston Division of 
Gulf Oil Corp. In 1951 he became 
technical assistant to the vice-president 


of the Gulf Houston Division, and _ re- 
tains the position at the present time. 

Claude R. Hocott, the other nominee, 
was born in 1909 and reared in Arkan- 
sas. He was graduated from the Univer- 
Texas with a BS in chemical 
engineering in 1933, then with an MS 
in 1934 and a PhD in 1937. He joined 
Humble Oil and Refining Co. in 1937 
as a research engineer in the Produc- 
tion Research Division. He became 
assistant head of the Production Re- 
search Division in 1942 and retains the 
position today. 

Both nominees are ably qualified for 
the chairmanship through a number of 
positions in the Petroleum 
Branch and AIME. The membership 
has a difficult choice between them, and 
the Branch will certainly go forward 
under either one that is chosen. * * * 


sity of 


prev 1ous 


$50,000 Given to AIME Doherty Fund 
For Publications, Scholarships and Research 


A gift of $50,000 has been made to 
the AIME by the Henry L. 
Doherty Charitable Foundation, Ince.. 
to be placed in the AIME Henry L. 
Doherty Memorial Fund for the purpove 
of financing and printing publications, 
granting scholarships, and for research 
in matters relating to the petroleum 
industry. An additional $50,000 will be 
awarded the fund from three other 


and Grace 


sources to bring the principal amount 
of the fund to $100,000. 

The Henry L. Doherty Memorial 
Fund was established in 1945. Since 
that time, the Cities Service Co. has 
contributed $5,000 annually to the 
fund, in lieu of income, in the memory 
of Henry L. Doherty 
been used primarily in publishing the 
annual volume, Statistics of Oil and Gas 
Production and Development, and the 
volume, Petroleum Conservation, pub 
lished in 1951. 


This money has 
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Mrs. Henry Lee Wessel, president of 
the Henry L. and Grace Doherty Char- 
itable Foundation, made the gift in the 
form of Surface Combustion Corp. five 
per cent debenture bonds “as a con- 
tribution by this Foundation to the 
American Institute of Mining and Met- 
allurgical Engineers.” 

Mrs. Wessel also stated: “It is our 
further understanding (that) you are 
contemplating that the income from the 
fund will be used to finance the print- 
ing and distribution of publications, to 
grant scholarships, and for research in 
matters relating to the petroleum indus- 
try, all, (to) the extent feasible, within 
fields and along lines in which the late 
Henry L. Doherty was known to be 
deeply interested.” 

The committee administering the fund 
consists of John M. Lovejoy, chairman, 
E. DeGolyer and Warren A. Sinsheimer. 

~*~ * * 
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Procedures Set Up for Branch to Execute 


Board Decision on Administration 


Functional Petroleum Branch 
Created 


The AIME Board of Directors has 
approved the principle of decentraliza- 
tion of appropriate administrative func- 
tions to the three Institute Branches. 
As a result, the Institute Local Sections 
which are predominantly Petroleum in 
membership will be established on a 
functional basis within the Petroleum 
Branch, to be administered through it. 
This will enable the Branch to become 
an integrated organization within the 
Institute, better able to serve the inter- 


ests of the Petroleum membership. 


The primary object of the Petroleum 
Branch office as originally established 
in 1946 was to serve the professional 
and technical interests of the member- 
ship through the handling of meetings 
and publications. Since that time, nine 
of the present 15 Local Sections, Chap- 
ters, and Sub-Sections have been 
founded. The tie between these petro 
leum units and the Branch office has 
grown steadily closer, but the Branch 
offee has continued to serve only their 
professional function, while their ad- 
ministration has been handled primar- 
ily by the Institute headquarters in 
New York. This division has caused a 
cerain amount of confusion because the 
officers of the Sections and the Branch 
have sometimes been uninformed on 


the actions and wishes of each other. 


The decision of the Executive Com- 
mittee at its meeting in February to 
establish a Petroleum Section Confer- 
ence was the first step toward alleviat- 
ing this problem. The Conference will 
meet at the Petroleum Branch Fall 
meeting each October, and all Sections. 
Chapters, and Sub-Sections will send 
two representatives. The Conference 
will meet with the Branch officers to 
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discuss Local Section and Petroleum 
Branch affairs and possibly make re« 
ommendations to the Executive Com 
mittee. In this way, the Conference will 
bring about a closer liaison between the 
local units and the Branch, and will 
effect a more functional organization 
Individual members’ 
Branch and _ Institute 
channeled through the Conference 


suggestions on 


affairs can be 


Changes in Adminstrative 
Procedures 


The Board's recent decision makes 
possible a further big step toward the 
coordination of Petroleum interests. In 
the future, Local Section reports on 
meetings and activities, Section officers, 
finance reports, and requests for ap 
propriations will be sent in duplicate 
to the Petroleum Branch office, which 
will forward one copy to New York and 
will make 
AIME Secretary and Board of Dire« 
tors concerning these reports when it 
seems advisable. The New York office 
will continue to distribute direct to the 
Local Sections any refunds authorized 
by the Board to be paid out of the ini 
tiation fees. This refund is now 10 per 
cent of initiation fees. 

There will be no change in the struc 


ture or operation of the Section Dele 


gates Council, and the New York office 


will continue to reimburse delegates 
for travel expense. However, communi 
cations from the Section Delegates of 
the subject Local Sections which are 
intended for Institute headquarters will 
be sent in duplicate to the Petroleum 
Branch office. One copy will be for 
warded to New York, and copies of al! 
communications addressed to the dele 
gates or to the Council by the New 
York office will be sent to the Petro 
leum Branch office 
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recommendations to the 


Petroleum Branch Admissions 
Committee 


Another result of the decentralization 
plan is the establishment of a Petroleum 
Auxiliary Admissions Committee seated 
in Dallas, which became effective Sept. 
1. This committee, operating under the 
same principles as the Institute Com- 
mittee, will receive all petroleum ap- 
plications, process and forward them to 
the Institute Committee with recom- 
mendations for acceptance, refusal, or 
change of membership status. Because 
the Auxiliary Committee will consist of 
petroleum members centrally located in 
an area where a vast majority of petro- 
leum applications originate, this com- 
mittee will not only be of assistance to 
the Institute in questionable cases, but 
also will facilitate the final decision on 
applications through personal knowl- 
edge of the applicants’ qualifications. 

Members of the Auxiliary Committee 
for 1952-1953 include J. H. Sullivan, 
Atlantic Refining Co., chairman; T. S. 
Bacon. Lone Star Gas Co.; A. E. Cara- 
way. Lufkin Foundry and Machine Co.; 
Frank C. Kelton, Core Laboratories: 
fom E. Morton, Halliburton Oil Well 
Cementing Co.; and F. G. Prutzman, 
Sun Oil Co. 

An additional activity of the Branch 
will be the re-organization of Petroleum 
Sub-Sections and Chapters into Local 
Sections where possible so that all In- 
stitute local units will operate on the 
same basis. The Branch will also coor- 
dinate Student Chapter activities in the 
same manner as Local Section activities. 

The purpose of the Institute is serv- 
ice and benefit to its members, individ- 
ually and collectively. Logically, this 
can best be achieved by the coordinated 
effort of individual members through 
the Branch, which is their specific inter- 
est unit. to the Institute. For this rea- 
son, the practical decentralization of 
administration to the Branches is a sig- 
stride toward improving the 
x *k * 


nificant 
Institute’s operation. 
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Employment Notices 





The JourNAL will post notices of men 
and available. Companies and 
AIME members are invited to use this 
space, for which there is no charge. 
Except as noted below, address replies 
to: Code (appropriate number), Jour- 
NAL OF PeTROLEUM TECHNOLOGY, 408 
Trinity Universal Bldg., Dallas 1. Show 


jobs 


return address on envelope. These re- 
plies will be forwarded unopened and 
no fees are involved. 


Replies to the positions coded Y5531, 
Y5532 and Y6654 should be 
addressed to: Engineering Societies 
Personnel Service, 8 West 40th St.. New 
York 18, N. Y. The ESPS, on whose 
behalf these notices are published here, 
collects a fee from applicants actually 


below 


placed. 


PERSONNEL 


@ Executive assistant, 40 years old, 20 
years’ experience in the drilling, pro- 
duction, natural gas and construction 
phases of the oil industry in adminis- 
trative and engineering capacities. Gov- 
ernment service with Petroleum Admin- 
istration for War. Desire supervisory or 
advisory assignment with progressive 

gas 
pany. Presently employed with major 


and well established oil or com- 


gas transmission company. Preferable 


location, Houston. Code 168. 


@ Petroleum engineer with 16 years of 
excellent experience in production and 
drilling desires a change in employ- 
ment. Location in Southwest preferred. 
Code 171. 


@ Petroleum 
experience in drilling, producing and 


engineer -—— seven years’ 
well repairs, graduate engineer, pres- 


ently employed by major company. 
Desire responsible position with smaller 


company. Code 172. 
POSITIONS 


@ Graduate 
two 


petroleum engineer with 
to 
wanted for work on staff of large inde- 


from five years’ experience 
pendent producer. Duties involve sub- 
surface geology, development, produc- 
tion and reservoir engineering in Cal- 
Mountain area. Give 


of 


experience in first letter, and enclose 


ifornia or Rocky 


references, details education and 


photograph. Code 543. 
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« Reservoir engineer, 25-40 
hve years” reservoir engineering exper! 
ence. Location, S.A. Y5531 
(c). 


@ Engineers. (a 
for field operations, 25-35, 


(d) Junior engineers, recent petroleum 
engineering graduates, capable of devel- 
Location, Peru, 


with about 


oping under training. 


S.A. Y5532. 


Colombia, 


Petroleum engineer @ Engineers and designers, experienced, 
for design of blast furnaces, steel mills 
and oil refineries. Location, New Jersey, 


Ohio or Oklahoma. Y6654. * * *® 


with degree 
in petroleum engineering or equivalent, 
and about three to five years’ experience 


evaluated 
--.4n less 
time 





This record of a real well is one of 
hundreds in our files which show 
how Hycalogging saves you val- 


x 
PAN 
com! uable drilling time. 
yCAL A. op th 
sHEH nse ILINS 

a 


" 
- axpow 


710N5 


2" 
rime 
at oc" 
oTeme free 
\ prin 
TEXAS 
Midland 
Corpus Christi 
San Antonio 
LAFAYETTE, LOUISIANA 


MEXICO CITY, MEXICO 


comes 


qpirs NEN , 


wew 
RiP -- 

»ai® 
gic REPA 


acura’ 


eami® 


MAIN OFFICES 
First National Bank Bidg. 
Shreveport, Louisiana 


WELL LOGGING .. . DIAMOND 
CORING . . . CORE ANALYSIS 


HYCALOG 
COMPANY 


HYCALOGGING fs continuous hydrocarbon 
logging of cuttings and mud sample s with 
on-location analysis of recovered cores. 
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Personals 





lan 


BRADLEY CRICHTON 


Rosext J. Brapiey and J. A. Cricn- 
rON are partners in the new petroleum 
consulting firm of Bradley, Crichton 
and Associates, organized by the San 
Juan Oil Co. of Dallas. The new organi- 
zation will maintain a staff of 12 pro- 
fessionally trained men, and will cover 
all phases of consultation and evalua- 
tion. Other members of the consulting 
staff are Virgil B. Harris, Mae D. Oli- 
ver, Bernard J. Esunas, Clyde C. Harter. 
Jr.. Otis T. Griffin, R. Wayne Russell. 
Walter A. Tynes, H. Eugene Wright, 
W. Ray Staples and Kenneth C. English. 


+ 


SEASHORE has 


Paut T. 


pointed first vice-president of the 


been ap- 
Lou- 
isiana Land and Exploration Co. Owen 
F. Thornton was named vice-president 
and Homer G. Moore was made assist- 
ant to the vice-president. 


+ 


Otis L. JAMES upon completing his 
work at the 
Austin has become associated with Gulf 
Oil Corp.. 
Fort Worth. 


University of Texas in 


geologic al department, at 


taken a 
position as geologist with Stanolind Oil 
and Gas Co. in Scottsbluff. Neb., having 


Freperic G. LAYMAN has 


received his master’s degree in geology 


from Lehigh University 


a 


Rosert C. Newman, for the past year 
a part-time instructor in the School of 
Petroleum Engineering at the Univer- 
sity of Oklahoma, has resigned to con 


tinue work on his PhD degree. 


oe 


Harry C. Fow ter, chief of the fuels 
technology division of Region IV, Bu- 
reau of Mines, and superintendent of 

the Petroleum Ex 
periment Station 
at Bartlesville. 
Okla., has 
presented the Dis- 


been 


tinguished Service 
Award and Gold 
Medal of the De 
partment of the 
Interior. The pres 
entation was made 
during ceremonies 
held at Bartlesville on July 31. R. A. 
Cattell, chief of the 
Natural Gas Branch of the Bureau of 


Petroleum and 


Mines in Washington, D. C., presented 


the medal. Fowler has written or co 


authored 19 technical articles pertain 
ing to petroleum or natural gas. He has 
served with the USBM for the past 29 
years, and has made notable technical 
field of 


contributions in the safety 


engineering. 





Proposed for Membership, Petroleum Branch 





Total AIME membership on May 31, 1952, was 
17,772; in addition 2,413 Student Associates were 
enrolled. 


ADMISSIONS COMMITTEE 
T. D. Jones, Chairman; Thomas G. Moore, Vice 
Chairman; Harold S. Bell, F. W. Hanson, R. H 
Chadwick, T. W. Nelson, J. H. Scaff, John T 
Sherman, A. C. Brinker, Ivan Given, C. A. R 
lambly, G. P. Lutien, E. A. Prentis, and C. Leslie 
Rice, Jr. 


The Institute desires to extend its privileges to 
every person to whom it can be of service, but 
does not desire as members persons who are 
unqualified. Institute members are urged to re- 
view this list as soon as possible and immediately 
to inform the Secretary's office if names of 
people are found who are known to be unquali 
fied for AIME membership. 


In the following list C/S means change of 
status; R, reinstatement; M, Member; J, Junior 
Member; A, Associate Member; S, Student Asso- 
crate 
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ILLINOIS 


Flora Harcourt, George K 


KANSAS 

McPherson 
C/S8-S-J). 
LOUISIANA 

Lafayette Ward, William H 
TEXAS 
Abilene 
Dallas 
) 


DeGeer William ) 


Armstrong, Gerald T 

Davis, Sidney 

(J 

Wainerdi, Richard E 
Kingsville — Schnitz, Lewis B 
Midland Jones, Crandall D. (J) 
San Antonio Schimmel, Glen 

C/S-S-J). 


OKLAHOMA 


Norman 


Houston - 


Lane, Charles E 
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W. H. Grirrin has been promoted to 
the newly created position of assistant 
to the sales manager of Welex Jet Serv- 
Inc. He for- 
Gulf 
Division 


ices, 
merly was 
Coast 
manager for the 
company. In_ his 
new position, Grif- 
fin will participate 
in overall manage- 
ment problems 
throughout the en- 
7\ tire Welex service 
area. He will maintain his headquarters 
in Houston. 


+ 


E. S. Neat has moved to Canada to 
take up his new assignment as general 
manager of the producing department, 
Imperial Oil, Ltd., in Toronto. 


Directory to Appear 
With December Issue 


Present plans are to issue the new 
AIME Directory free to members with 
the December issues of the Institute’s 
journals. It will be a complete Direc- 
tory, except for the material already 
published in the Directory supplement 
issued with the June issues of the jour- 
nals, and the annual reports 
last February and available in mimeo- 
graphed form. That is, it will include 
the data previously published in the 
1948 endowment funds, 
medals and awards, joint activities, con- 
stitution and bylaws, and 
The information on members will be 
based on the returned cards that were 


released 


Directory on 


necrology. 


mailed to all members last spring, and 
unlike previous Directories will show 
the Divisional and Branch affiliations of 
members. The geographical section of 
the Directory will to the form 
used in the 1948 and previous Direc- 


revert 


tories, rather than by companies, as in 
the 1950 volume. x * * 





OIL OPERATORS AND 
PRODUCERS 
Interested in wildcat leases and in actual 
or contemplated drilling operations. Will 
exchange cash or casing for partnership in 
oil-producing properties. 
Code 800 
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1952 
Oct. 1-3. 
Rice Hotel, 
Houston 
Petroleum Branch Fall Oct. 23-24, 
Meeting (West Coast) Statler Hotel, 
Los Angeles 


Petroleum Branch Fall 
Meeting (Mid- 
Continent ) 


AIME Annual Meeting 


AIME Fall Meeting Sept. 3-6, 


Chicago 





ADVANCE AIME MEETING CALENDAR 


Palmer House, 


1953 1954 
Oct. 7-9, Baker Not 
Adolphus Hotels 
Dallas 
Oct. 22-23, Not 
Statler Hotel. 
Los Angeles 
Feb. 15-19, 
Statler Hotel 
Los Angeles 
El Paso 


Determines 


Determined 


Feb. 14-18 
Statler Hotel 
New York 








AIME Representatives 
Appointed by Board 


At the June 18th meeting of the 
Board of Directors appointments were 
made to important positions as follows: 
Oliver C. Ralston was appointed to 
succeed himself as AIME representative 
on the Division of Engineering and In- 
dustrial Research Council for a three- 
year term expiring July 1, 1955. Max- 
well Gensamer was appointed as AIME 
representative on the Interim Board of 
Governors of the new publication Acta 
Vetallurgica to be published next year 
and sponsored by the American Society 
for Metals in cooperation with several 
other societies. Michael L. Haider was 
appointed to succeed W. E. Wrather as 
AIME representative on the John Fritz 
Medal Board of Award of the four 
Founder Engineering Societies for a 
four-year term expiring Sept. 30, 1956. 
E. C. Meagher was appointed to suc- 
ceed himself as AIME representative on 
United Engineering Trustees for a four- 
year term expiring October, 1956. R. M. 
Dickey accepted the appointment as 
AIME representative on the American 
Standards Association, Sectional Com- 
mittee B30. Safety Code for Cranes. 
Derricks and Hoists. Stefan Boshkov 
was appointed to succeed W. H. Loerp- 
abel, resigned, on the Technical Pub- 
lications AIME, for the 
balance of the term expiring Oct. 15. 
1952. * x * 


Committee, 


Anthony F. Lucas Medal 
To Be Given in 1953 


has provided 


An anonymous donor 
sufficient funds to permit award of the 
Anthony F. Lucas Medal at the AIME 
Annual Meeting next February. The 
committee administering the Medal. 
Fred M. Nelson. chairman, has been 
especially authorized to proceed with 
the selection of a candidate even though 


September, 1952 


the time for beginning its activities in 


this direction had passed before the 
funds for the award became available 
The award is given for distinguished 
achievement in improving the technique 
and practice of finding and producing 


petroleum. x *&* * 


MIED Will Award 
Senior Scholarship 

Decision has been made to have the 
executive committee of the Mineral In- 
dustry Education 
the AIME 


in petroleum engineering for the com 


Division administer 


Socony-Vacuum scholarship 


ing school year. The executive commit 
tee of the Division will adopt a perma 
nent procedure for the administration 
of this and similar scholarships at its 
annual meeting in Los 
February. Harry H 
Chairman. will ask 
courses in 


Angeles next 
Power, Division 
schools having 
petroleum engineering to 
submit the names of recommended can 
didates for the $750 scholarship as soon 
as possible. It will be open only to 
those who expect to complete their aca- 
demic work in the 1952-53 school year. 
* * * 


50th Local Section 
Of AIME Accepted 


An application 
merly known as the 
Club to become the 
Section, AIME, was accepted at the 
June 18th of the Board of 
Directors. This will be the fiftieth Local 
Section of the Institute. At the same 
laws for the Wyo 
ming Section were Essen 
tially the revised by-laws provided the 


Irom a group tor 
Adirondack Mining 
Adirondack Loe al 


meeting 


meeting revised by 
approved. 


integration of the petroleum and mining 
groups to the satisfaction of both 
groups. The Wyoming Petroleum Chap 
ter will probably be absorbed by the 
Local Section. * 
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Clarence D. Howe 
Receives Hoover Medal 


Clarence D. Howe received the 
Hoover Medal for 1952 at the Centen- 
nial Luncheon in Chicago, Sept. 10 
Howe, a native of Massachusetts and 
an MIT graduate, has distinguished 
himself in Canada as a civil engineer 
and as a key member of the Ottawa 
Government. The award is given by the 
Founder Engineering Societies jointly 
for distinguished public service by an 
x * 


engineer. 


Pan American Group 
Invited to Los Angeles 


The Pan American Institute of Min- 
ing Engineering and Geology (PAI- 
MEG) is being especially invited to 
hold its Fourth Congress in Los Ange- 
les at the time of the AIME Annual 
Meeting, Feb. 15-19, 1953. It is prob- 
able that PAIMEG’s own program will 
immediately follow that of the AIME, 
with technical sessions on Friday, Feb. 
20. y F ® 





Necrology 


E. W. K. Andrau (Member 1948) died on Oct 
4 195 Andrau was born in Sumatra, Dutch 
East Indies on Sept. 3, 1900. He attended 
chools in Holland and the University of Zur- 
ich. In 1925 he received the degree of Doctor 
of Science, Geology, from the University of 
Lausanne, Switzerland. For three years jhe was 
associated with the Iraq Petroleum Co. as geol- 
ogist-general prospecting. In 1929 he became 
associated with the Shell Oil Co., St. Louis, 
and was engaged in special studies in Okla- 
homa and the Gulf Coast. In 1933 Andrau went 
to Germany and Roumania, working on special 
ubsurface problems of D.E.I. He returned to 
open his office as consulting geologist and valu- 
ation engineer in Mexico oil fields. At the time 
of his death he was residing in Alief, Texas. 


C. William Witt (Junior Member 1944) died 
Born in 1918 at Fort Smith, Ark., he 
ated from the University of West 

1940. After graduation, he worked 

as © y in Salem, Ill, as a 
oustabout and petroleum engineer 
During >» was an ensign with 
the USNR. Before his death, he was residing 
in Wichita, Kans 


recently 


with T 


Andrew Cyrus McLaughlin (Member 1919) died 
in January, 1952. He was born at Austin, Tex., 
and was educated at the University 
receiving a BS degree in 1896, and 
Hopkins University. He did geologi- 
ey work in several states before becom- 
Southwestern Oil Co 
esident and general 
ted Oil Co. in San 
» became petroleum tech- 
‘ » Southern Pacifie Co., in Los 
Calif., where he resided at the time 

death 


Thomas J. Hamilton (Member 1940) died in 
Octobe 51. Hamilton was born in 1896 at 
Fox Station, Indiana, He attended Columbus 
College at Bremen, Ohio. After graduation he 
oined the Empire Gas & Fuel Co. and in 1921 
became associated with the Phillips Petroleum 
Co. He remained with this firm until 1940 
when he joined the Mid-Continent Pump Sup- 
! 0. a6 sales manager. At the time of his 

he was residing at McPherson, Kan. 
- Weil (Member 1939) has died. Born on 
7 Weil was a graduate of Univer- 
iia, PhB and LLB. He had been 
General Petroleum Corp. of 

* 


* 


SECTION 2 














Advertisers’ 


Index 








Sec. 1—33, 34 


Be tee oes Sec. 1—5, 37 
Huntington Park, Calif 
Sec. 1—22 


Sec. 1—8, 9 
Baroid Sales Division = ae ae Sec. 1—12 
Darwin H. Clark Co., Los Angeles 


Barret, William M., Inc. . . a, wher ee ae 


Bozell & Jacobs 
Cameron Iron Works Sec. 1—5] 
Sec. 1—31 


Rives, Dyke & Co 
City National Bank of Houston . 

Sec. 1—76, 77 
Sec 1—7 


Boone & Cummings, Houston 
Sec. 1—4 


Clark Bros. Co., Inc. 
Harold Warner Co 
Sec. 1—52 
‘Ne Sec. 1—10 
MacManus, John & Adams, Inc., Detroit 
lowe Runkle Co 


Cooper-Bessemer Corp. . 
Dresser Industries, Inc. Sec. 1—71, 72, 73, 76, 77 


Griswold-Eshleman Co 
Laughlin, Wilson, Baxter & Persons, Dallas 
with GEOLOGRAPH 
— 


A-1 Bit and Tool Co. . $e 
Clausel Industrial Advertising, Houston 
B and W Incorporated . 
Lester C. Nielson Co 
Baash-Ross Tool Co. reas 
Dozier-Eastman & Co., los Angeles 
Baker Oil Tools, Inc. . 


Theo. M. Martin Co., San Gabriel, Calif 
Inc., Shreveport 


Houston 


Buffalo, N. Y 
Cleveland 
Core Laboratories, Inc.. . . 
Duvall Williams, Dalles 
ae Peta ee 
Dozier-Eastman & Co., los Angeles 
Dowell Incorporated 
Eastman Oil Well Survey Co. . . . 
Ted Workman Advertising, Dallas 
Garrett Oil Tools, Inc. 
W. L. Culver, Houston 
Geolograph Co, Inc. 


Oklahoma City 





Ask the men 
who use this service! 


Whether you ask the Engineer, Geologist, 
Superintendent, Contractor, Toolpusher, 
they'll all tell 


when you log as you 


Driller or the Operator 


you that you save 





frill with Geolograph! 


GEOLOGRAPH 


MECHANICAL WELL LOGGING SERVICE 
P.O. Box 1291+ Oklahoma City 1, Okla. 


Farmington, New Mex.—tiberal, Kon.—Oklahoma City, Oklahoma 


Bakersfield, Cal.—Shrevepart and Baton Rouge, La. 








Casper, Wyo.—Glendive, Mont.—Sterlin . Cole. 
Calgary and Edmonton, Alberta, Gane 
anada 


Abilene, Houston, Odessa, Lubbock .and Wichite Falls, Texas 
Regina, Saskatchewan, C a 





SECTION 2 


JOURNAL OF PETROLEUM TECHNOLOGY 


Halliburton Oil Well Cementing Co. . Sec. 1—21, Third Cover 
Hill & Christopher, Los Angeles 

Houston Oilfield Material Co. Sec. 1—62 
Wallace Davis & Co., Houston 

Hudson Engineering Corp. . . . . . Sec. 1—79 

Brennan Advertising Agency, Houston 

Hughes Tool Co. 1. . . se Sec. 1—80 
Foote, Cone & Belding, Houston 

Sec. 2—5 

Sec. 1—17, 18 

Sec. 1—69 

Sec. 1—44 


Hycalog Co. 
Sec. 1—38 


Glenn Mason Advertising, Shreveport 
Sec. 1—75 


Sec. 1—67 
Sec. 1—71 


Infilco, Inc. re or ner Ve ag ee 
Ruthrauff & Ryan, Inc., Hollywood, Calif 
International Business Machines Corp. 

Cecil & Presbrey, Inc., New York 
Johnston Testers, Inc. 

Wallace Davis & Co 
Keystone Development Corp. — 

Brennan Advertising Agency, Houston 


Houston 


wens OU ce se: 
Lovis A. Brandenburg, Tulsa 
Kinzbach Tool Co. “ree: 

Wallace Davis & Co., Houston 
Kobe, Inc. SME” “Koy: ateaen iis gies 
The McCarty Co., Los Angeles 
Lane-Wells Co. Reg ae 2, eae 

Darwin H. Clark Co., los Angeles 
Lufkin Foundry & Machine Co. 

A. E. Cudlipp, Lufkin, Texas 
Magnet Cove Barium Corp. . 

Rives, Dyke & Co., Houston 
McCullough Tool Co. . . . . 

R. P. Casterline, Los Angeles 
Moore, Lee C., Corp. . hoc 

Watts, Payne Advertising, Tulsa 
Oil Base, Inc. is are ee ere 
Dozier,Eastman & Co., Los Angeles 
Oil Center Tool Co. 

Rives, Dyke & Co 
Otis Pressure Control, Inc. 

Dan Goodrich, Dallas 
Pelton Water Wheel Co. ae aS Sado pe 

Edward A. Stratman, Huntington Park, Calif 
Perforating Guns Atlas Corp. 

J. F. Brinley, Houston 
Petty Geophysical Engineering Co. 

Wallace Davis & Co., Houston 
Professional Services 
Rector Well Equipment Co. 

Wallace Davis & Co., 
Reed Roller Bit Co. . a 

Brennan Advertising Agency, Houston 
Schlumberger Well Surveying Corp. 
Dyke & Co., Houston 
Second National Bank of Houston . 

Gano, Bachrodt, Edwards, Inc 
Seismic Explorations, Inc. . 

Rives, Dyke & Co 
Sperry-Sun Well Surveying Co. 

Wallace Davis & Co., Houston 
Thornhill-Craver Co. — 

Rives, Dyke & Co., Houston 
United Geophysical Co., Inc. 

Dozier, Eastman & Co 
Universal Oil Tools, Inc. 

Wallace Davis & Co., 
Warren Automatic Tool Co. . a - 

Clause! Industrial Advertising, Houston 
Welex Jet Services, Inc. 

Evans & Associates 
Well Surveys, Inc. tae aes oe 

Watts, Payne Advertising, Tulsa 
Whaley, Chet, Well Service Co. 

Wallace Davis & Co., Houston 
Zublin Flexible Drill Pipe. ‘ 


Roy F. Irvin Advertising, Los Angeles 


Fourth Cover 
Sec. 1—25 
Sec. 1—72, 73 
Sec. 1—6 


* 


Sec. 1—46 
Sec. 1—70 

Sec. 1—1 
Sec. 1—26 
Sec. 1—74 


Sec. 2—2 
Sec. 1—50 


Sec. 1—28 
Second Cover 
Sec. 1—42 
Sec. 1—56 
Sec. 1—63 
Sec. 1—53 


* 


Houston 


Houston 


Rives 
Houston 


Houston 


los Angeles 


Houston 


Fort Worth 


Sec. 1—70 
Sec. 1—2 


*In Previous Issues 


September, 1952 











201 CENTERS OF SERVICE 


‘ 

} 
x 
= 


Pitched in the midst of almost every oil patch 
is a complete Halliburton field camp. It’s the 
center of service to operators in the area... 
strongly manned by the most experienced 
engineers, fully equipped with the finest tools 
and technology. and pledged to perform the 
same quality of service that has made 
Halliburton first in its field 

201 centers of service in the United States, 
Canada, and Mexico put Halliburton only 
minutes away from you well worth 


remembering for big savings of rigtime. Being 
handiest is only part of it, Halliburton’s best 
in many ways. So, make it a habit to call 
Halliburton first 


H AkLtELtiIB U RTO i#N 


OIL WELL CEMENTING COMPANY > DUNCAN, OKLAHOMA 





“You can say that again!” 


Certainly, Lane-Wells Koneshor gives deep penetration. But the othe: 
factors in successful perforating—the “plus values” —are increasin 
steadily in importance. And operators get these “plus values” w 
they use Lane-Wells KONESHOT! 
Plus-value No.1. Accurate Depth Measurements with Lane-Wel 
famous measuring system 
Plus-value No.2. Maximum Safety for well and personnel thro 
Lane-Wells 5-point safety firing system 
Plus-value No. 3. Dependable Service, right when you want it, fror 
one of Lane-Wells 62 branches, all located for quick service to the oil field 
Operators And there are many other “plus values” in Lane-Wells KONESHOT. Ash 
can tell you the any Lane-Wells customer, or ask your Lane-Wells man. They can tell y: 
“plus values” = 
in Lane-Wells 


forating ~ 
VO wear per . 
ie J s § - ‘ | | 
of Progre 2) 
throug 5 \ ae ae : ) 
Service 4 3 sms 


General Offices, Export Office, Plant + 5610 So. Soto St. Los Angeles 58 


OS ANGELES * HOUSTON ¢ OKLAHOMA ¢ ’ \NE-WELLS CANADIAN CO. IN CANADA ¢ PETRO-TECH SERVICE CO. IN VENEZI 





